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U. S. NAVY BATTLE DAMAGE PICTURES 
FROM WORLD WAR II. 


By CoMMANDER Ernest C. Horttzwortn, U. S. Navy. 


PART 3 


The following photographs comprise the third of four series 
which the Society is publishing in consecutive issues of the 
Journa. They have been selected from those in the files of the 
Bureau of Ships, Navy Department, and all are official U. S. 
Navy Photographs. They portray typical examples of damage 
incurred by U. S. warships in action against the enemy. A brief 
description of the circumstances in each case is included with 
the caption. 
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Photo 1: The U.S.S. Mayrant (DD402) in drydock at Malta, 
about 11 August, 1943. She was damaged on 26 July, 1943, while 
on patrol off the harbor of Palermo, Sicily. A close near-miss 
bomb detonated well below the water surface abreast the port 
side amidships and caused the damage shown in the photo. 

The contours of damage to the hull indicate that the bomb 
detonated very close to the shell at a point slightly above the turn 
of the bilge. Although the shell was not demolished, there were 
a number of transverse cracks, as shown in the photo, and longi- 
tudinal seam rips. The forward engineroom and after fireroom 
flooded immediately, the after engineroom flooded somewhat 
more slowly and the forward fireroom still more slowly. Flood- 
ing of the latter space was controlled finally with the water level 
about four feet below the external waterline. 

U. S. Navy divers at Palermo installed crude patches suffi- 
ciently effective te permit dewatering of all four spaces by salvage 
pumps. Mayrant then was towed to Malta for drydocking. A 
temporary patch, consisting of shell wrapper plates and heavy 
external longitudinals, was installed in one of the outstanding 
repair jobs of the war. After reconditioning of machinery, she 
crossed the Atlantic to Navy Yard, Charleston. Enroute, she 
successfully weathered a heavy storm. 

Mayrant was one of the few U. S. warships damaged seriously 
during the war by close near-miss bombs. 
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Photo 2: The U.S.S. Marblehead (CL12) in drydock at 
Tjilatjap, Java early in February, 1942. The photo shows damage 
to the shell caused by a close near-miss bomb. 

Marblehead was damaged off the western end of Java on 4 
February, 1942, during the course of a sustained Japanese air 
Attack. In addition to the near-miss damage in the photo, she also 
was struck by two bombs which inflicted further damage. 

The near-miss bomb detonated close under the turn of the bilge 
some 100 feet aft of the stem on the port side. The shell was 
sharply indented with a hole about 10 feet in diameter in the 
center of the indentation. Tears and rips, radiating fore and aft 
from the hole, in the bottom permitted extensive flooding for- 
ward. She increased trim by the bow more than 11 feet. This 
was reduced partially by flooding of a few stern compartments— 
the result of a bomb hit well aft. 

She proceeded to Tjilatjap where the one small floating drydock 
did not permit lifting her clear of the water, thus preventing the 
extensive repairs required. She next went to Ceylon, thence to 
Durban and then stopped at Simon’s Town, Union of South 
Africa, where she was drydocked again and the repairs required 
for a trans-atlantic crossing accomplished. She then steamed to 
Navy Yard, New York, via Pernambuco, Brazil. 

Marblehead’s near-miss damage, as was Mayrant’s, was among 
the most serious cases of such suffered by U. S. warships during 
the war. 
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Photo 3: The U.S.S. Erie (PG50) moored at Willemstad, 
N.W.1I., on 2 December, 1942. The damage to the hull, discernible 
on the starboard quarter, was the result of a German submarine 
torpedo. 

Erie was torpedoed on 12 November, 1942, while a unit of a 
convoy escort. The torpedo struck the starboard quarter in way 
of her aviation gasoline tanks (she was carrying one search 
plane), rupturing them and spreading gasoline throughout the 
after portion of the ship. Engulfed in flames and with her stern 
low in the water, she was beached not far from Willemstad. 

The fire, fanned by a brisk breeze from astern, gutted Frie. 
It was fed not only by gasoline but also by oil from ruptured fuel 
tank. It quickly consumed ready-service ammunition and the one 
plane. Only the machinery spaces and the forward lower maga- 
zines escaped the flames. 

She was fidated successfully and towed to Willemstad where 
the photo was taken. Salvage efforts leading to temporary repairs 
for her return to the United States were underway (note the 
salvage barge alongside in the photo) when she capsized at her 
moorings during the night of 4-5 December, 1942. 

Erie’s fire Was one of the most destructive in the war annals 
of the U. S. Nayy. Study and analysis of the fire aboard Erie, as 
well as of fires on other warships early in the war, resulted in 
many improvements in firefighting equipment and technique. 
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Photo 4: The U.S.S. Selfridge (DD357) at Purvis Bay in 
October, 1943. A unit of a U. S. destroyer force, she was struck 
by at least one torpedo, and probably two, during a night surface 
engagement on 6 October, 1943. 

One struck at frame 40 starboard and the other probably at 
frame 30 port. The resulting explosion(s) severed the bow in way 
of No. 2 twin mount. The severed section floated aft along the 
starboard side, damaging the starboard propeller, after strut and 
tail shaft. As will be seen in the photo, No. 2 twin mount was 
demolished. Flooding aft of the break was of minor proportions, 
trim changing by only 4 feet. There was no fire. 

Despite the loss of 100 feet of her bow, Selfridge returned to 
Purvis Bay at about ten knots. Both engines were used in spite of 
damage to the starboard propeller, strut and tail shaft (there was 
considerable misalignment) which caused some vibration. 

At Purvis Bay wreckage was cleared away and the upper half 
of a temporary stub bow installed. She then proceeded to Noumea 
for drydocking, completion of the bow and machinery repairs. 
She crossed the Pacific under her own power to Navy Yard, 
Mare Island, where permanent repairs were accomplished. 

Selfridge, one of the first class of U. S. destroyer leaders of 
1850 tons standard displacement, proved to be typical of the 
ruggedness of U. S. destroyers, many of which survived damage 
of similar proportions. 
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Photo 5: Damage to the U.S.S. Chester (CA27) caused by a 
small bomb on 1 February, 1942. The photo was taken about 40 
minutes after the hit. 

Chester was struck while a unit of a U. S. task force engaged 
in the Navy’s first offensive action of the war—the strike against 
the Marshall and Gilbert Islands. The formation was undergoing 
a dive-bombing attack when Chester was hit by a small bomb on 
the main deck just inboard of the port catapault foundation. The 
bomb obviously detonated upon impact with the deck. Intelligence 
information indicates that the bomb probably was of the 60 kilo- 
gram, general-purpose type. Fragmentation was excellent, causing 
several casualties and much minor damage in the form of severed 
electrical cables and punctured ventilation ducts and piping. Two 
minor fires occurred which were quickly extinguished. 

The effect on Chester's fighting efficiency was negligible—one 
5 inch gun was placed out of commission temporarily and the 
port catapault was deranged. 

This damage, typical of small instantaneously fuzed bombs, 
should be compared with that in photo 6 from a 14 inch bombard- 
ment projectile. 
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Photo 6: The damage to the U.S.S. South Dakota (BB57) 
caused by a 14 inch bombardment projectile. On the night of 
14-15 November, 1942, South Dakota was a unit of a U. S. task 
force which engaged a heavy Japanese force in a gunfire action. 
In the ensuing engagement South Dakota received approximately 
50 hits with projectiles of various calibers. The Japanese, enroute 
to a shore bombardment rendezvous, used bombardment pro- 
jectiles against the U. S. warships. Such projectiles have little 
penetrative ability and usually are fuzed for impact detonation. 

The projectile which caused the damage shown in the photo 
was of 14 inch caliber fired from a Japanese battleship. The pro- 
jectile struck the barbette for No. 3 turret just below the shelf, 
detonating upon impact. The barbette and turret machinery within 
were undamaged. As shown, a sizeable hole was blown in the 
main deck. The majority of fragments were deflected down into 
the second deck compartment below. In general, fragments did 
surprisingly little damage. 

Damage from this large projectile was somewhat less than that 
caused by the small bomb which struck Chester (see photo 5). 
Nonetheless, it is typical of the damage caused by heavy pro- 
jectiles against unprotected structures. Projectiles, even if high- 
capacity, have a small charge-weight ratio compared with bombs. 
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Plioto The U.S.S. David W. Taylor (DDs51) in drydock 
at Saipan about 9 Dinimney, 1945. Shestruck a mine during a 
bombardment of the island of Chichi Jima. on 5 January, 1945. 
f The point of impact was slightly above the keel on the port side 
approximately,’ -50 feet aft of the stem. Thé photo shows the 
damage tothe port shell in way of*the point’ of impact. It is 
believed that the mine was one of the comparatively small moored 
contact type frequently employed by the Japanese. 

Damage was serious but not extensive. Flooding caused an 
8% foot trim by the bow which later was reducéd considerably 
by damage control efforts. She retired to Saipan at 17 knots 
where she was placed in drydock and tempogary: repairs accom- 
plished. She then returned to the U. S. Naval Drydocks, Hunters 
Point, for permanent repairs. 

The damage shown is typical of that caused to hulls of light 
warships by contact mines containing moderate charges of 
explosive. 


j 
all 
ye 
d 
ore 
— 
| 
| 
| 
y 
# 
2 


Dp 
< 
r=) 
< 
< 
=) 


167 
- 


SUBMARINE COMBAT EXPERIENCES IN THE PACIFIC. 


SPEAKERS 
ANNUAL BANQUET 


5 April 1946 


“SUBMARINE COMBAT EXPERIENCES IN THE 
PACIFIC” 


BY 


VicE ADMIRAL CHARLES A. Lockwoop, U. S. Navy 


FORMER COMMANDER SUBMARINES PACIFIC 


“RESEARCH, ORGANIZATION, AND NATIONAL 
SECURITY” 


BY 


Doctor VANNEVAR BusH, 


PRESIDENT CARNEGIE INSTITUTION 


OF WASHINGTON 
AND 


DIRECTOR, OFFICE OF SCIENTIFIC 


RESEARCH AND DEVELOPMENT 


= 


SUBMARINE COMBAT EXPERIENCES IN THE PACIFIC. 


SUBMARINE COMBAT EXPERIENCES IN THE 
PACIFIC. 


By Vice ADMIRAL CHARLES A. LocKwoop, U. S. Navy. 


Mr. Toastmaster and Gentlemen: 

I feel much honored and not a little abashed to address a 
Society whose roster includes the names of so many illustrious 
engineers and noted men of science. Fortunately, however, I do 
not have to address you on engineering or scientific subjects. It 
is my pleasure and privilege instead, to give you a few illustra- 
tions of how the lads fighting the war in submarines employed 
the weapons and equipment which you sent them, and how they 
achieved the tremendous results which the world now knows they 
did achieve in World War II. 

On this occasion I come before you in the role of a satisfied 
customer, an enthusiastic endorser of your products. 

Of course we did get a criticism about George Codrington’s 
engines. One night I received an urgent despatch from a sub- 
marine skipper off the China Coast who was trying to escape on 
the surface from Jap escort vessels. He had made an attack close 
inshore on a convoy and was using every last ounce of horsepower 
to leg it for water deep enough to dive in. He told me of his 
predicament, which looked pretty desperate, and closed with the 
despairing words—‘‘Four Wintons cannot outrun four destroy- 
ers.’’ However, I am happy to say that he did get home safely. 
George showed me a new engine he has built out in Cleveland 
which he guarantees to outrun any number of destroyers. I also 
had reason to believe, while in Cleveland, that George is experi- 
menting with atomic power, for certainly some of the liquids he 
fed me there packed a tremendous wallop. Better men than I, 
so I am told, have also barely survived his Navy Day celebrations. 

At the beginning of the war, we did, as you know, have bitter 
disappointments with the exploders and depth keeping of our 
torpedoes. Captain Roy Benson, then commanding the Trigger, 
had a heartbreaking experience which was typical of many others. 
The Trigger was patrolling submerged about twenty-five miles 
south of Tokyo Bay entrance late one evening in June 1943 when 
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he sighted the Jap carrier Hitaka with two DD's and some air 
cover standing out. The situation developed beautifully and the 
Trigger bored in to an ideal position 1200 yards on the target’s 
starboard bow. From this position he fired six torpedoes and 
obtained four explosions. The first two he saw, apparently for- 
ward of amidships, but he says that no debris went up with the 
tremendous plumes of water. The next two which should have 
been further aft along the target’s length he didn’t see because 
a DD was right on top of him and it was necessary to get down 
deep and quickly. There the DD’s kept him for about seven 
hours, working him over with periliously close salvoes of depth 
charges. During that time, as we now know, the Japs took the 
Hitaka in tow and finally got her back to Yokosuka with a draft 
said to have been 51 feet aft and very little forward. Hence the 
first two explosions must have been prematures, and the other 
two explosions were hits aft. If she had been 100 miles further 
from port the Hitaka might have sunk before she could be docked 
but, as it was, those first two prematures undoubtedly robbed 
us of a much needed kill. 

Finally we inactivated the magnetic feature of the exploder 
but, alas, that was not the end of our troubles, for immediately 
we encountered a serious percentage of duds with the straight 
contact exploder. 

I won’t bore you with details of how we cured this trouble, 
but I want to give full credit to a lot of smart lads out in Pearl 
Harbor including. ““Swede’’ Momsen, Tom Eddy, ‘‘Penny’’ Pen- 
dleton, Art Taylor, ‘‘Pie’’ Pieczentkowski, George Hodgkiss, and 
Commander Ellis A. Johnson of CinCPac’s staff, (who in civil 
life is a mathematical physicist at the Carnegie Institution of 
Washington). The way they tore into the problem and, in less 
than a month, solved it right there in the machine shops of the 
old Holland and of the Submarine Base, was a splendid example 
of what can be done when you get a lot of people to whole- 
heartedly pool their brain power and concentrate on a particular 
problem. 

The results far exceeded our expectations; the morale of our 
skippers went up by leaps and bounds; and the next three months, 
the months,of October, November and December, 1943, showed 
sinking records which were surpassed by only a few monthly sink- 
ing records for the entire war. 

On top of:this important success came other successes—our 
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engines were running like sewing machines, the Bureau of Ord- 
nance built us a new torpedo exploder, the new electric torpedoes 
from the Westinghouse Plant at Sharon were being delivered to 
us—and by us to Tojo; false target shells were helping our subs 
to evade; radar was beginning to make night attacks one of our 
major sports; and new submarines were arriving in sufficient 
numbers to permit us to engage in a long desired enterprise, that 
of sending wolf packs into the most productive areas around the 
Marianas, the East China Sea and in Luzon Strait. 

These gains, while most encouraging, were not without their 
accompanying losses, for in the months of October and November 
we lost six submarines in Asiatic waters and one in the Caribbean. 
Among these was the Wahoo, lost probably in the Sea of Japan, 
commanded by Comdr. “Mush” Morton of whose outstanding 
ability and aggressiveness no doubt you have all heard. He was 
the first to destroy an entire convoy single handed and he it was 
who entered Wewak Harbor in north east New Guinea and blew 
the bow off of a Jap DD while it was attaking him. 

The Sculpin was also lost at this time under very tragic circum- 
stances, as we learned after the war. She attacked a convoy north 
east of Truk on 19 November 1943, just the day before the 
Marines began the bloody battle of Tarawa. Sculpin was part 
of the covering force for this operation and the wolf pack leader 
embarked in her, Captain John Cromwell, of necessity had been 
given an outline of the general plan of the operation. The attack 
on the convoy failed and during the ensuing depth charge counter- 
attacks which lasted about five hours, a particularly close string 
of 18 charges threw Sculpin out of control and she went down 
deep. The hull was distorted, outboard valves were leaking badly, 
the torpedo tube doors were jammed and so much water had been 
taken into the hull that high speed was required to maintain 
depth control. Use of high speed of course made tracking an 
easy matter for the DD. Added to these troubles was the fact 
that the battery was almost exhausted and the depth was too 
great to permit lying on bottom. 

After some discussion as to the best course te pursue, the 
commanding officer, Commander Fred Connaway, decided to 
surface and fight it out with his 3-inch gun, two 20 mm’s and 
what 50 calibers they could rig. It was a last desperate chance, 
as he must have known, and the ensuing engagement with the 
DD Yokahoma soon reduced the topsides and C.T. to shambles. 
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After Comdr. Connaway, Lieut. Allen and Lieut. Defrees, with 
most of the men on deck had been killed, Lieut. Brown, the 
senior ship’s officer remaining, ordered the ship scuttled. 

Captain John Cromwell, when informed that the ship was 
being abandoned, said, ‘‘I can’t go with you, I know too much,” 
and was last seen seated in the Control Room. Ensign Fiedler 
also preferred death to capture and is said to have been last seen 
in the wardroom playing solitaire. 

And so the old Sculpin, whom you may remember as having 
been the ship which located the Squalus when she sank off Ports- 
mouth in 1938, went down with colors flying and engines running. 
The lads in the water say her last dive was as pretty as any she 
had ever made. 

The Japs picked up 42 prisoners, threw one overboard who was 
wounded, tried to throw over another who was vomiting from 
having swallowed too much salt water and took the remainder 
to Truk. 

The sequel to this story was written two weeks later just before 
midnight on 3 December when the Sailfish, which was originally 
the Squalus, picked up four radar pips, two large and two small, 
on a northwesterly course while patrolling about 300 miles south- 
east of Tokyo Bay. 

The weather was of typhoon caliber, 40-50 knots of wind with 
mountainous seas, a driving rain, and very low visibility. Lieu- 
tenant Commander Bob Ward, the skipper of the Sailfish, how- 
ever, considered this all in his favor in spite of the chance of poor 
torpedo performance in heavy seas. His new radar had recently 
been installed, his crew had been trained in the technique of 
radar attacks at 42 feet and he was eager to try out this new 
equipment. 

Difficulty was encountered in reaching attack position because 
he could not work up to better than 12 knots against the heavy 
seas. However, just after midnight he reached a position on the 
port bow of one of the larger pips with a DD 400 yards from him 
and signalling with a searchlight in his direction probably de- 
manding a recognition signal. He thereupon carried out beauti- 
fully the procedure for radar attack by submerging to 40 feet 
where his radar antennae was just out of water, and fired entirely 
on radar range and bearing. From his first four shots he got two 
hits on the still unseen target and then went deep to avoid the 
expected pounding with depth charges. However, the DD’s were 


i 
I 


SUBMARINE COMBAT EXPERIENCES IN THE PACIFIC. 173 


probably having their troubles in locating him in the heavy seas, 
added to which was Ward’s smart maneuver in crossing close 
astern of the target. Hence at 0200 he was able to surface and 
found his target to be circling. She finally steadied on a course 
at about four knots whereupon he again bored in, this time on 
surface, fired three bow tubes, and observed two hits. 

The Nips then started a Fourth of July celebration and since 
daylight was approaching and tracers beginning to come his way, 
Ward submerged and reloaded preparatory to another attack, 
convinced that his target was now a dead duck. 

At about 0745 Sailfish stood in submerged and at last was able 
to see her victim—a carrier, dead in the water, with a DD dashing 
madly about. She was badly listed and her flight deck was cov- 
ered with personnel and planes which, from time to time, slid 
over the side. Ward made an inspection of her and sketched her 
profile in order to make sure of her identity. Then he let her have 
three more torpedoes, two of which hit and finished her career. 

This battle, which took from midnight until 9:40 in the morn- 
ing, was fought with a skill and determination seldom surpassed 
during the war and it scratched one flat-top at a most opportune 
time. 

Not till the end of the war did we learn to our sorrow, that 
this flat-top, the Chuyo, had on board 21 prisoners from the 
Sculpin, 20 of whom went down with her. 

No story of material sturdiness and personnel guts is complete 
without the story of the Tunney, Commander John Scott, who 
in August 1943 intercepted an unlucky six charge pattern dropped 
by a trawler off the entrance to Babelthuap Harbor in the Palau 
Islands. Two charges exploded over the Maneuvering Room 
knocking out all power, the next pair exploded alongside the 
Conning Tower and, as John Scott expressed it, the conning 
tower left the hull, but just by coincidence came back in the 
same place. The third pair were just under and on either side 
of the bow so close that the exploder from one and many pieces 
of the casings were found in the superstructure after surfacing 
that night. The bow was so twisted and dented that it was 
necessary, when she limped into Mare Island, to remove the 
torpedo tubes, rebore and re-align them and to renew all hull. 
plating back to the torpedo room hatch. Innumerable other 
casualties had occurred, but as I have said, she got home with 
head bloody but unbowed. 
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Next spring when she came back to us at Pearl, I asked John 
Scott what patrol area he'd like to have. He said, ‘‘Palau: I’ve 
got a little unfinished business down there.” 


He arrived off Palau just before our first big carrier strike 
scheduled for 1 April 1944 and, while waiting for the expected 
run out of Jap ships, he sank one heavily loaded AK, one DD 
and one I class submarine. In preparation for the strike, we had 
placed six submarines in a semi-circle along the west side of 
Babelthuap Island and Tunney had a ringside seat. Somehow 
the Japs got advance notice of our impending strike and the 
rush began. Ships, mostly small stuff, came pouring out of the 
harbor, but John had seen men-of-war at anchor in there and 
he decided to wait for bigger game. His reward came when, 
late in the evening, a BB, a CL and three DD’s were sighted 
standing out. Unfortunately his estimate of the speed of the 
big BB, later known to be the brand new Musashi, must have 
been too high, or perhaps she managed to take evasive action 
for only Nos. 4 and 5 torpedoes out of a spread of six, hit, and 
both those were forward. 

We can rest assured, nevertheless, that the Musashi spent some 
time in the yard after receiving those packets, and I rather 
figured that John Scott and the Tunney, with the bag they got, 
had taken their revenge for their former beating. 

But somehow Palau was unhealthy for Tunney, and next 
morning, while lifeguarding on surface, one of our own planes 
dropped a 2000 pound bomb alongside her engine room and 
again she went limping to the nearest base for repairs. 

_ The most remarkable example of our success in sinking enemy 
submarines and of the value of the APR gear which you sent us, 
was provided by the Batfish commanded by Commander J. K. 
Fyfe. She was on station north of Luzon at the time when 
General MacArthur was squeezing the Japs northward. With 
their sea and air communications cut off, we rightly expected 
night reinforcement or evacuation activity similar to those which 
were attempted at Guadalcanal and Leyte. We, therefore, put 
three submarines in position to counter any such moves. The 
Batfish was nearest Luzon and on the normal traffic route be- 
tween Luzon and Takao in Formosa. Sure enough, her first 
night on station she picked up on her APR indications of an 
enemy radar north bound which she followed until eventually 
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she sighted a dark shape through the gloom quickly identified 
as a Jap submarine. I may say at this point, that the silhouette 
of our submarines differs greatly from those of the Japs and of 
the Germans. Therefore, we are able to identify our own sub- 
marines very readily. Commander Fyfe approached this target 
to 1850 yards and fired four torpedoes, all of which missed. These 
torpedoes exploded at the end of their runs, some distance to 
westward of the Jap, but he evidently paid no attention and 
buzzed merrily along. Commander Fyfe immediately hauled 
out to 5000 yards and, by putting on speed, gained a position 
ahead again. The night was very dark, no moon, partially over- 
cast, and so this time he decided to come in much closer, and 
closed to 900 yards without the target giving any indication that 
it was aware of his presence. The Baifish then fired three tor- 
pedoes, one of which struck the Jap, who sank immediately to 
accompaniment of loud breaking noises. She closed the spot and 
turned on her searchlight in an attempt to pick up a prisoner or 
two in order to learn the identity of the victim, however nothing 
could be seen except a heavy oil slick with the very<distinctive 
smell of Diesel oil. 

The following night and again the night after that Batfish 
picked up the now familiar enemy radar on-her APR search 
receiver. In each case Commander Fyfe was able to home on 
the Jap radar and in each case he got into closé range and sank 
his opponent. 

It is interesting to note that in both of these last cases the Jap 
sub made what was evidently a routine training dive during 
Fyfe’s approach. However, he tracked along on the probable 
course of his enemy and once, so good was his sonar gear that 
his sound man reported, ‘‘Captain, I can hear someone blowing 
ballast tanks.’”’ Immediately thereafter the Jap search radar 
indication reappeared on his screen and he knew the enemy sub 
had surfaced. 

Thus in the space of 76 hours, Batfish with the aid of APR 
search receiver and some very smart headwork, bagged three 
enemy subs and undoubtedly a goodly amount of much needed 
supplies for Yamashita’s army. 

Instances of the expert use of radar and of determined and 
annihilating attacks against enemy merchant convoys’by single 
submarines and by wolf packs are too numerous to be told here, 
so I shall confine myself to some of the’ lesser known sinkings 
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which had important strategic or tactical value and which are 
replete with ‘‘blood and guts”’ as requested by our genial chair- 
man, Admiral Roger Paine. 

Two sinkings of utmost importance were accomplished by 
Cavalla, Lt. Comdr. Herman Kossler, and Albacore, Lt. Comdr. 
Jim Blanchard, on 19 June 1944, just before the First Battle of 
the Philippine Sea, when they eliminated two big CV’s, the 
Shokaku and Tatho in the area southwest of the Marianas. The 
first one was hit by three torpedoes but the Tatho was hit by 
only one torpedo, which struck under her forward elevator and 
ruptured her gasoline tanks. The liberated gasoline rose into 
her hangar decks and desperate attempts by the Japs to ventilate 
only succeeded in spreading the fumes throughout the ship. Six 
hours later she blew up with a tremendous explosion and the 
hulk was torpedoed by her own escorts. 

In both cases the submarines were worked over for many 
hours by the Jap destroyers, so did not know till the end of the 
war what havoc they had wrought and what important aid they 
had rendered to Admiral Spruance’s 5th Fleet in the climactic 
struggle then raging on Saipan. Most of the Albacore’s crew 
never knew, as she was lost on her next patrol. 

Two other valuable carrier sinkings were achieved by the 
Archerfish, Lt. Comdr. Joe Enright, and the Redfish, Comdr. 
Sandy McGregor. 

The Archerfish encountered the Shinano, converted from a 
battleship hull, rated at 69,000 tons, on her trial trips south of 
Tokyo Bay. She passed Archerfish, well out of range accom- 
panied by four DD’s. Her speed was too great for the submarine 
to catch her as she passed about 3:30 in the morning of 29 No- 
vember 1944, however Enright trailed hopefully and finally, as 
if in answer to his prayers, Shinano reversed course and he found 
himself, to his amazement, 10 degrees on her starboard bow. 
Events followed swiftly, culminating in the firing of six tor- 
pedoes with four hits and the final plunge to Davy Jones’ Locker 
at about 1000. This last happy event, however, we did not know 
until afterwards due to long continued depth charging by the 
Jap DD’s. 

Redfish was both luckier and more unlucky than the Archerfish. 
She, at the end of a patrol cursed with misses, managed to get 
one hit out of four shots, fired from her forward tubes into Unryu, 
headed south, loaded with planes in East China Sea in the late 
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afternoon of 19 December 1944, when the Japs in Luzon with the 
Leyte campaign still on their hands, were in desperate need of 
planes. The torpedo struck aft and stopped the Unryu in her 
tracks. Instantly the starboard screening DD charged down on 
the sub from a range of 1700 yards. McGregor let the DD have 
four torpedoes from the stern tubes which, while they missed, 
caused her to turn away and increase speed, thus allowing Redfish 
time to observe the main target listing to starboard and burn- 
ing aft. 

This was not good enough for Sandy McGregor and he spent 
the next ten minutes screaming for the after room to load his 
last three torpedoes in order to give the coup de grace. Mean- 
while, the CV was wildly firing all starboard guns and the DD’s 
were milling around dropping depth charges indiscriminately. 
Finally one torpedo was loaded aft and from a range of 1100 
yards he let the CV have it just abaft the island. Tremendous 
explosions followed and she began to capsize, but even then 
Sandy didn’t try to escape; instead he took periscope pictures 
of the doomed vessel and set up his TDC for shots at the 
nearest DD. 

Unfortunately, at this point, the DD evidently sighted his 
scope and charged down “‘looking like she was all bow wave.” 
Sandy rang up full speed and headed for 200 feet, which is about 
all the water to he found in the East China Sea. At 150 feet, to 
quote the skipper, ‘‘All hell broke loose as a salvo of seven well 
placed depth charges exploded alongside the starboard bow.” 
They seemed to shove the ship down and bodily to port and she 
wound up on bottom at 232 feet with dozens of material casual- 
ties such as a crack in the forward torpedo room hull plating, 
12 broken battery jars, bow and stern plane gear out of commis- 
sion, gyro compass 50 degrees off its proper heading, and one 
man’s ear nearly severed by a watertight door which escaped 
from its fastenings. To make their misery even more complete, 
one of their two remaining torpedoes was running hot in a 
stern tube. 

But did the McGregor or any of his troops crack under this 
treatment? Not those boys! After two hours more punishment 
he surfaced that night and headed for home, badly battered but 
still in the ring. 

On Christmas day while nearing Midway, he entered in the 
patrol log: ‘‘All hands enjoyed a delicious Christmas dinner and 
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have now begun to breathe easier; it’s been pretty tough going 
since the attack on that carrier.” 

His final entry. says: .“‘All hands wish to offer their sincere 
thanks to the men who designed and built this sturdy carft.”’ 

And to that sentiment I and all submariners say a hearty 
‘“Amen.”’ 

Not only do we pay tribute to the designers and builders but 
to the clever lads in the Bureaus and manufacturing plants of 
the country who produced splendid equipment, gear and weapons, 
and also to the devoted scientists who rushed to our aid with 
almost incredible ideas which, when translated into equipment 
and weapons, saved hundreds of our lives and sank hundreds of 
thousands of enemy tonnage. 

Yes, many a submariner who is alive today, owes his life to 
the reliability of your engines, to the stoutness of your hulls, to 
the accuracy of your torpedoes and to the wizardry of your 
electronic gear. 7 

And many a lad who went ashore in the landing craft, many 
an aviator attacking the Japanese homeland, many a surface 
craft, owe their lives to the fact that, due to the submarines you 
produced, Japanese troops, munitions and aviation gas did not 
reach their intended destinations. 

I wish to pay personal tribute to my predecessors and brothers 
in command of Forces—to Admiral Withers, Bob English—God 
rest his soul—Freeland Daubin, Babe Brown, Christy, Jimmy 
Fife and Gyn Styer—they have been towers of strength in our 
submarine world. 

But first, last, and always I want to pay tribute to our squadron 
commanders, division commanders, commanding officers and 
crews of submarines. To their daring, initiative, determination, 
and just sheer guts, we owe the brilliant performance of the boats 
you built and the success of the submarine part of the greatest 
naval war that has ever been fought. 
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RESEARCH, ORGANIZATION, AND NATIONAL | 
SECURITY. 


By Dr. VANNEVAR BusH. 


The subject I am to talk about tonight holds true of colleges, : 
industries, military affairs, what have you. It is the fact that 
in any undertaking requiring joint efforts by large numbers of. 
people, there must be a basic organizational set-up so planned 
that responsibility and authority are clearly defined and when 
responsibility is assigned, there is assigned with it enough author- 
ity to see that it is met. I welcome the opportunity to discuss 
with you certain applications of this principle, for the general 
subject has always been fascinating to me, and the special bearing - 
of it in our present military situation has particularly important ’ 
connotations. 

The working solution of the problem or organization in any 
undertaking at a given time—the present structure of rank and 
of ‘bureau organization in the Navy, for example—is a compro- 
mise between two opposed concepts. On the one hand, the urge 
to fix or “freeze’’ a presently efficient pattern is very strong. On 
the other hand, there is constant need for ready adaptability to 
altered conditions, for no organization operates in a vacuum. 

This second concept doesn’t apply too strongly in a great many 
activities. For instance, an iron foundry, an air transport service, 
a widespread farmers’ co-operative society, can set up an organi-' 
zational structure and be fairly sure that no major changes are 
likely in its operating conditions. But it is different with military 
affairs, with naval affairs. We need but review the past six years 
to be sure that the evolution of new weapons during a war may 
determine not only the outcome of battles, but even the total 
strategy of war. This had always been true to some extent, but 
the rate of evolution of military weapons during the recent war 
became more rapid than it had ever been before in human 
history, and it bids fair to go’ on increasing. 

Adaptability—and that means quick and effective adapta- 
bility—to new weapons, therefore, is a quality which we must 
demand in the organization of our Armed Forces. We must 
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demand it both because it is essential to the security of the 
United States as a nation, and because we must have the United 
States the strongest of nations during the critical years while the 
traditional system of sovereign states is reaching solution of the 
strange new problem of building up the world teamwork that is 
imperative in controlling new techniques and new sources of 
energy. Military strength is a central factor in keeping the 
United States generally strong as a leader in this undertaking, 
and as I see it, the central factor in the military strength of the 
United States is bound up in this question of new weapons and 
the adaptability of our military organization to deal with them. 

This question undoubtedly has an influence in the thinking of 
those who have been giving consideration to the various proposals 
for general reorganization of our entire military establishment, 
which range all the way from modest overhaulings within the 
existing Departments to the sweeping move of unification of the 
Services in a single Department of National Defense. As matters 
stand now, I favor the proposal for unification, because none of 
the other plans equals it in assuring unity in the areas where 
modern war demands it. Of these areas, the most important is 
that of adaptability to new weapons. 

The new weapons which changed the pace of the past war and 
those which can be expected to exert the same influence on the 
next war, if one should unfortunately break on the world, are 
the products of research—fundamental research first and military 
research thereafter. The basic provision which we can and must 
make is to assure for ourselves the technological superiority which 
is the key to victory. We have during the war come some distance 
toward that goal, as compared to the sad situation which existed 
in this country between the two world wars, as far as military 
research was concerned. We must keep every gain that has been 
made, but by no means stop there. I decidedly do not mean by 
this statement, however, that we should extend our wartime 
organization into the peace. Such an argument is deceptive for 
two reasons—first, the fact that no temporary expedient, regard- 
less of its temporary effectiveness, should be maintained intact 
after the passing of the emergency pressures which gave it being 
and vitality; second, the fact that no temporary improvisation, 
excellent as it may be, can be completely effective if the funda- 
mental organization on which it is superimposed is either weak 
or unsound. 
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I do mean that those phases of military organization which are 
concerned with research must be so calculated as to preserve such 
lasting values as were gained from the improvisations of this war, 
in spite of the various difficulties which those improvisations 
encountered. The immediate form of the improvisation does not 
matter so much. The New Developments Division in the Army, 
for example, may be revised, but the attitude toward science and 
technology which, as far as conditions allowed, was embodied in 
it must not be displaced. Rather, the disabilities which hampered 
that attitude should be eliminated, and the attitude itself fortified 
and given additional emphasis. The same comment applies with 
the same force to various organizational steps in the Navy. There 
was and is a genuine effort to link research with the high com- 
mand. It has not been completely successful. The important 
fact is that the effort has been made, and represents an advance 
on which to build in future. So also, indeed, with the Office of 
Scientific Research and Development on the civilian side of 
things. This goes out of existence shortly, but will be replaced, 
if Congress acts, by a permanent National Science Foundation. 
We had too, and still have for that matter, although on an imper- 
fect foundation, a research and development body under the Joint 
Chiefs of Staff, which strived with inadequate authority to corre- 
late interservice effort. All this organizational structure will 
undoubtedly change, and should for that matter, but the impor- 
tant point is that scientific research on military problems must 
be an undertaking of major stature, integrated thoroughly with 
all related phases of military affairs, and above all linked in with 
the upper echelons—brought into play at the top levels of plan- 
ning and control. We did not through the various expedients 
of the past war achieve this ideal of top-level integration, not 
by any means. But we did make some progress toward it, and 
as we look to the future we must make full use of that fact, for 
in the future we shall not be able to defend this country properly 
or to keep it as strong as its international responsibilities require, 
unless we go all the way toward that ideal. 

I have no hesitation about making that last statement a flat 
and categorical one, because as we all know the scientific devel- 
opments which hastened the end of the last war were unprece- 
dentedly powerful and have posed for the world problems without 
parallel. They promise that the next war, if, counter to all our 
hopes, there should be another war, will involve scientific and 
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technological enterprise to a degree never before experienced. 
This means that no matter how able and effective our combina- 
tion of military and scientific thinking may have been in recent 
years, it has got to be even better in the years to come. The 
system by which we draw for military purposes upon the general 
store of basic research cannot have any rough spots; it must be 
efficient, smooth in operation, swift in execution. 

There is plenty of reason for confidence that we shall have a 
rich store of general research on which to draw. Broad support 
of research by the Federal Government, as provided in legislation 
now before the Congress, is an assurance of this. Moreover, it is 
an assurance that much needed action will be taken to overcome 
the shocking deficit of able young scientists which was caused by 
our shortsighted use of manpower during the war and which I 
know has been a regrettable hindrance to some of you gentlemen 
in carrying out your present plans. 

Now when we speak of drawing on this fund of general research 
for military research, we run into certain difficulties, for we can- 
not now decide what is military research and what is not military 
research in terms of a war a generation hence, for we cannot 
discern what the nature of such a war might be. We do know, 
however, that military research is applied research—that when 
a unit of basic knowledge ascertained through fundamental 
research is seen to have probable military utility and when men 
go to work to bring that probable utility into reality and appli- 
cation—it is essential that the objective be clearly stated, and 
that the work be at all times clearly tied to it. The task of the 
man responsible for the proper direction of research for the Army 
and the Navy therefore is a double one. They must be sure that 
their units are always in close touch with the basic research going 
on here, there and everywhere in a great scientific and industrial 
nation, and are always alert to single out of the great mass the 
individual facts and findings which have promise for military 
purposes. They must be sure, also, that once this has been done, 
energies are properly focused, and kept properly focused, on the 
job of swiftly and effectively making the transformation of an 
‘abstract idea into a tangible weapon or instrument. For the 
first part of the task, dependable and thorough liaison with 
research agencies throughout the country is vital. For the sec- 
ond, breadth of vision and firm, reasoned control are essential. 
Such liaison and such control will be secured only as a difficult 
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task of organization, correlation, co-ordination is successfully 
accomplished. 

Though our over-all postwar military framework has not as 
yet been defined by Congress, and though as a result we cannot 
explicitly discuss the detailed problem of organization for military 
research and development, certain cardinal principles are clear. 
To these we can turn attention. First among them is one which 
I have already stated: There must be adequate planning at the 
top both for the evolution of weapons and for the strategic use 
of new weapons. It is not enough for us to plan the defense of 
this nation in terms of existing or even immediately foreseeable 
weapons; but there is a strong temptation to plan this way, in 
view of all the complexities of logistics, training, intelligence, and 
personnel. The planning for immediate campaigns must of course 
be done in just this manner. But the long-range planning of a 
whole war—and particularly of a war to be forseen at some 
unpredictable time in the future—must be done in terms of the 
evolution of weapons and strategy. It has been the custom for 
advanced military thinking on the technical aspect of this matter 
to be left to the lower echelons, on the theory that if an idea was 
good enough, it would force its way to the top and demand due 
‘attention. In earlier times, maybe this was all right. In our 
time, it is not. Progress in complex technical matters is slow 
enough, what with inertia, limited vision, obstinacy, vested 
position, and all the other ills that flesh is heir to, without super- 
imposing the organizational handicap of making new thinking 
fight its way to the attention of the top-level commanders who 
ought to be giving it affirmative consideration. 

Both the secure affirmative direction and drive for new devel- 
opments and their use, and to make sure of proper co-ordination 
of the work of the several Services or of the work of the several 
divisions within one Service, our postwar system must in the 
scientific field embody the sound principle of military organiza- 
tion which it now does not—the principle that responsibility must 
be definitely assigned and that responsibility and authority must 
go together. During the war, the Navy and its companion 
branches in the national military establishment, by means of 
expedients which I have mentioned and of others with which we 
are familiar, secured a workable emergency solution for this 
trouble. In the years to come, we must do“better, we must so 
arrange matters that responsibility and *authority for saying 
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“yes” and ‘“‘no”’ will be regularly provided at every level where 
they are needed. The standard answer, that the President as 
Chief Executive holds this authority and this responsibility is 
true enough, but it is only common sense to realize that in the 
majority of cases they must be exercised for him by properly 
chosen subordinates responsible in clearly defined areas to his 
principal aides, such as the Secretaries of War and Navy. More- 
over, most of the differences with which we are concerned tonight 
arise in areas where special skill and knowledge are involved, 
and must be settled by those qualified through special training. 
Modern war, particularly, with all that it means of overlapping 
and joint interest in the extended interrelationships of land, sea, 
and air, brings about more of these specialized divergences than 
any other activity of mankind. With this increased interrelation 
must come corresponding organization. 

Specifically, in a pyramidal organization of our Armed Forces, 
which splits immediately at the level of the Secretaries, there 
must be provision for the resolution of the manifold overlapping 
interests of land, sea, and air at the level at which they occur, 
positively and authoritatively, and without expecting every dis- 
pute to work its way up to the top echelon or remain unresolved. 
This problem remains whether we have a single department or 
three. 

The second cardinal principle, if recognized and effectuated, 
will go a long way toward resolving this trouble. This second 
principle is that the position of the technical man in uniform 
must be improved. By this I mean that men in responsible 
positions should have better training, and that soundly trained 
technical men should be eligible for high command. If that means 
junking the strange idea that a man who by hard work trains 
himself as a specialist at the same time disqualifies himself for 
high command, then let it be junked. Where this traditional 
limitation on the technically trained specialist came from is hard 
to understand. We are all familiar with its operation, however, 
as seen for instance in the oldtime Construction Corps of the 
Navy, which produced outstanding combat ships and during its 
history attracted many of the finest minds in the Navy, and yet 
did not furnish a corresponding quota of officers to positions of 
high command. The traditional argument, as I have been given 
to understand, is that the man who specializes in an advanced 
technique, say in engineering or science, cannot learn the sea 
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and the art of command in addition. There is in this argument 
an implication, too, that technical pre-eminence is incompatible 
with the toughmindedness and common sense that win battles. 
Another groundless notion which may contribute to the trouble 
is the idea that research unsuccessfully conducted should be 
regarded as a permanent blot on a military career. To my mind, 
all three of these notions are flatly wrong. A better grasp of 
science and technology in the upper levels of organization would 
soon put an end to them. 

The position of technical men in the Armed Forces must be 
improved not only by broadening their avenue to high command 
and by increasing and improving the fundamental scientific 
training—as is happily indicated in recent training plans—but 
also by improving the status accorded research and technology 
itself. Research can no longer be, as it too often has been in the 
Services, held as incidental or subordinate to the work of branches 
whose primary interests and responsibilities are in other direc- 
tions. The procurement divisions can no longer be in charge of 
practically all research. The two concepts are basically incom- 
patible; new developments are upsetting to the standards and 
schedules which express the constant urge of the procurement 
group to regularize and standardize in order to carry out its 
primary function of producing a sufficient supply of standard 
weapons for combat use. Research, however, is the exploration 
of the unknown. It is speculative, uncertain. It cannot be 
standardized. It succeeds, moreover, in virtually direct propor- 
tion to its freedom from performance controls, production pres- 
sures, and traditional approaches. 

Development is another matter. Certainly there is a point, in 
the long path from fundamental research to use, where procure- 
ment should take over. When a new device is being engineered 
for mass production, then certainly those who are to produce it 
should also have responsibility for finally whipping it into shape. 
But, in my opinion, they should not control it earlier, either in 
its gradual evolution or its evaluation. The metamorphosis of 
weapons is certainly important enough today to give their crea- 
tion an organizational status completely equivalent to that 
provided for their purchase. 

Implicit in what I have said so far is the third cardinal prin- 
ciple to which I would ask your attention—the need of a genuine 
scientific interlinkage between the Services. How this will be met 
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depends in large measure on action beyond our immediate pur- 
view; until the over-all postwar framework of the nation’s mili- 
tary forces has been determined, the observer can do no more 
than urge that whatever the framework is, it will be unsatisfac- 
tory unless it assures stable and continuing provision for a unitary 
approach among land, sea, and air forces in matters of research, 
in the evolution of weapons, and in the perfection of strategy 
employing them. On this topic I have spoken at length else- 
where, and I shall hence say only that our present system of 
joint boards under the Joint Chiefs of Staff, though it was made 
after a fashion during the war because of the fact that men will 
agree under the stress of emergencies, is intrinsically ineffective 
because such boards have no one in a position of authority to 
resolve the differences which inevitably arise when sincere men 
are dealing conscientiously with important issues. 

Closely allied with the third is the fourth principle—that our 
postwar military organization as regards research must provide 
for a real and definite partnership between civilian scientists and 
the military. It should be a source of pride to Americans to 
remember the teamwork of military men, industry, and science 
during the war. We must not relinquish one jot of the spirit and 
the method which we learned from that experience. We must 
build on them. We must, moreover, face up to the fact that 
although research on military problems and military weapons is 
largely a military matter, it is not entirely so. The fundamental 
research on which we draw for applied military research is done 
primarily by the trained professional scientist and engineer. In 
our applied research itself, the civilian scientist and engineer 
necessarily participate at many levels. It is a mistake to believe 
that since science has military importance scientific research 
should be run exclusively by military men. On the contrary, 
civilian science must be allowed to do the job which by specialized 
training it is equipped to do. Civilian science cannot make its 
true contribution if its efforts are subject to the complete direc- 
tion of the military or if it has no independent funds. The real 
answer, of course, is a partnership between the military and 
civilian scientists. As we seek to establish this, we must keep 
clearly in mind the fact that a true and effective partnership can 
be had only if both are equals in a common endeavor. 

One aspect of this partnership involves civilian scientists and 
engineers within the structure of the Navy Department itself. 
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Either such men should be entirely on an equal footing, socially, 
professionally, and in other ways, with their uniformed colleague 
of equal age and accomplishment, or else the Navy should not 
employ professional civilians for reserach and development activi- 
ties of importance, but should rather rely upon contracts for this 
purpose. The first solution is, of course, the acceptable one, and 
there has been real progress in this direction. Partnership with 
civilian service also means more than merely supplying a civilian 
agency with proper funds; it means that individuals of equal 
abilities must meet as equals, regardless of uniforms and civilian 
clothes, that the personal give and take of the war years, when 
contribution to the task in hand was the only measure of a man, 
must be carried on in the peacetime years. The traditional esprit 
de corps of the Navy, with all that it means in intregity and self- 
respect, is the best of bases for this sort of co-operation. I think 
we see a good sign of it in the Navy’s present practice of con- 
tracting for research and development under a system which 
preserves the initiative and resourcefulness of the contractors. 
For nearly two generations, the American Society of Naval 
Engineers in pursuing the objects for which it was founded, has 
contributed notably to the fostering of fundamental knowledge 
and the bettering of professional practice in a field of vital sig- 
nificance to the well-being of the nation. As the Society resumes 
tonight this annual gathering deferred for five years by the 
demands of war, it has been a privilege to place before you these 
thoughts on a relationship which is of critical importance to our 
country. What I have said grows out of my convictions as an 
American citizen and as one who has been fortunate in the 
opportunity to share with military men, industry, and science 
in the great efforts of the years just past. Few men in our country 
are so well qualified as the members of this Society by profes- 
sional training and by patriotic spirit to judge of the necessities 
which may confront us, or to meet them successfully as they form. 
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PRIZE ESSAY.* 
“ENGINEERING IN THE NAVY AS SEEN BY AN 
ACTIVE RESERVE OFFICER.” 


By Donatp L. Herr, LiruTENANT COMMANDER, 
S(E3), U.S.N.R.F 


An old professor of mine, in giving his annual introductory 
lecture to new engineering freshmen, always used to say that 
“engineering is the practical solution of practical problems.” That 
is indeed a broad definition. It seemed so to me then. But, after 
almost five years of active engineering duty in the Navy, I believe 
that the old professor, without actually intending so, gave a fairly 
adequate definition of engineering in the Navy as seen by an 
active Reserve officer. 

What I write here can only be the recording of those impres- 
sions made upon myself. As such, they represent a synthesis of 
my own engineering background in industrial and academic 
research and development with those tasks assigned me in and by 
the Navy. It may be helpful, from the standpoint of perspective, 
to list these duties. Briefly, they comprise two and one-quarter 
years in a technical design section of the Bureau of Ships, with 
much temporary additional duty inside and outside the country 
and aboard ship; one and three-quarter years in the usual, and in 
some most unusual, duty in a new Navy Yard (Naval Drydocks, 
Terminal Island, California) ; a brief tour in the Navy’s Engineer- 
ing Experiment Station; and, finally, duty in the new Office 
of Research and Inventions. Somewhere in the chronological 
middle of all this, I was subjected to the usual two saaceaanlh in- 
doctrination course. 

From the standpoint of establishing my own perspective more 
clearly, at this time it may be pertinent and helpful to others who 
read this article to mention two facts bearing on why and how I 
became a Reserve officer of the U. S. Navy on active duty. First, 
after listening to many of the broadcast speeches of the European 
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demagogues in 1937 and 1938, and observing the shaping of 
things to come, I concluded that someday, perhaps soon, there 
would be increased need for technically trained men in the Naval 
organization. The result was that, at this time, I successfully 
applied for the Reserve commission of ensign. Second, just a year 
before Pearl Harbor, convinced now of the intensely technical 
aspect which the war had assumed and would continue to in- 
creasingly assume, I came on active duty as an ensign in the new 
Bureau of Ships. I came to assist in the original development and 
application of some of the new devices and technical weapons 
which were being thrust into the category of “imperatively neces- 
sary” by the technological warfare developments of the common 
enemy. 

So much for motivation; so much for my belief that I would 
be of most direct use in the oncoming war effort in active engineer- 
ing duty in the Navy. Although I attempted to anticipate, little did 
I realize the tremendous adjustment, change and growth that I 
was to undergo at the highly anonymous “hands” of the Navy. 

Not the least part of my education in the Navy has been con- 
cerning (1) Naval organization and customs, (2) conference 
etiquette, (3) Navy correspondence forms, in general, and Bureau 
of Ships letter systems, in particular, (4) Navy financing, (5) 
shipboard traditions, (6) travel procedures, and (7) pay methods. 
All these items are merely mentioned in this passing paragraph as 
some of the extra-engineering details which had to be learned as 
rapidly and thoroughly as possible, to help get the basic engineer- 
ing job done efficiently. Those of us to whom the Navy had not 
been a life-time career had much to absorb in one large “dose” 
both as regards Navy methods and Naval engineering. It is most 
interesting, and somewhat satisfying now, to view in retrospect 
just how useful these Naval procedures have been in helping to 
find “practical solutions to practical problems” in Naval en- 
gineering. 

Engineering in the Navy, as I have seen it, is different. Because 
_of the large number of sources from which engineering problems 
arise in the Navy—from the operating forces, the design agencies, 
the interdependent Bureaus, the industrial companies supplying 
the Navy, and finally, from the results of the tests imposed by 
actual battle—the accurate definition of the Naval engineering 
problem is generally a highly complex matter. Thus, even the 
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statement of the requirements is constantly changing, perhaps 
not always in fundamentals, but almost always in practical details. 
Yet, quantities of working equipments must be designed, procured 
and installed aboard ship in time for battle operation. That is the 
truly basic objective, to “get there the ‘fustest’ with the ‘mostest’ 
and the ‘bestest’! Between these extreme demands which are 
constantly being made upon the Naval engineer in a dynamic, 
rapidly moving technological war, lies the “practical solution.” 

This practical solution must be found directly in war-time. 
Sometimes, but most rarely, it can be devised by a single indi- 
vidual working at a desk. Sometimes it can find almost immediate 
embodiment as a plan on the drawing board or as a working in- 
strument or equipment. Most commonly it requires large-scale 
cooperative effort between Naval officer and civilian personnel 
and the engineering and manufacturing representatives of in- 
dustrial design and production agencies. On this front there occurs 
a close and continuing interchange of information and definition 
of technical needs, operational requirements and manufacturing 
possibilities. The resulting compromise is the practical solution. 

Very often in this war, however, the practical problem requires 
for its solution the actual invention or adaptation of absolutely 
novel weapons, devices or equipments, or the utilization and 
extension of new fundamental physical principles. Specific in- 
stances are now too well-known and appreciated to require 
mention here. It is in this area, at the forefront of Naval 
technology, that the war-time requirements are most demanding 
and urgent. 

The proper allocation of these research problems to Naval and 
other government or industrial laboratories and scientific agencies 
is a necessary and important step in finding the practical solution. 
This requires careful consideration and choice, based on full 
appreciation of the technical and priority problems involved, of 
the agency or agencies selected to carry on any particular pro- 
gram. It also requires active coordination and follow-up with all 
activities engaged in the research solution of the particular 
problem or related problems. 

In the intermediate and final stages of achieving the solution, 
shipboard trials must be utilized quite frequently. Here, another 
type of coordination—with the operating forces—must be effected. 
In the field of Naval research and development engineering, the 
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embodiment of the ultimate practical solution may take unex- 
pected form or impose new operating requirements upon the 
ship’s force. This has occurred many times in World War II. 
The job is not complete until the resulting changes have been 
reduced to a minimum and those clearly defined for the steps 
which necessarily follow. 

Those of us who personally have engaged in devising and 
engineering new weapons in this war are deeply impressed by the 
great multiplicity of technical problems connected therewith and 
the urgent need for their solution. Not the least of these has been 
the need to visualize at the outset, if possible, not only the de- 
tailed functioning of the new apparatus (once the basic principles 
of operation have been established) but also to visualize approxi- 
mately the ultimate physical embodiment thereof. This is seldom 
possible at the beginning of the project, but the earlier in the 
course of the investigation that it can be done, the shorter be- 
comes the path to the final production model. Here is the 
essentially unique demand made by Naval research and develop- 
ment engineering in wartime., 

Once the practical solution is pet and accepted, final 
design, specification, procurement, manufacture and shipboard 
installation must be expedited with all speed. There are stra- 
tegical, tactical, shipbuilding, conversion, material and personnel 
programs which are all being simultaneously synchronized and 
with which engineering changes, improvements and equipment 
installations must be synchronized. In modern war, to spare all 
lives possible and yet win militarily, the entire effort is a con- 
certed action en masse. It is small wonder that some non-partici- 
pants not directly nor actively engaged in the complicated business 
of Naval engineering have stopped to criticize or comment un- 
favorably upon a single aspect of some knotty Naval design, 
engineering or procurement problem or the manner in which its 
solution is being effected. Today, war in all its aspects, and 
especially in the technical and technological, is indeed involved. 

So, Naval engineering does appear different to me, first of all, 
in its aspect of complexity on the technical side. This technical 
complexity is certainly augmented by the fact that the engineering 
of Naval equipment comprises at least two distinctly different 
phases. Let me make myself clear regarding these two phases. 

The engineering and design of Naval equipment are only half- 
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done when a practical solution is found which “works” well in 
a laboratory, factory, or other place on shore. Adaptation or 
re-design of the entire equipment to meet, for example, the 
specific and extreme temperature, humidity, mechanical stress, 
shock, vibration, space, weight and fuel requirements of ship- 
board operation, requires almost always as much ingenuity and 
thoroughness as the technical functional design itself. The Naval 
engineering difficulties in meeting those requirements, are in- 
creased, I believe, by the lack of a sufficiently large and cohesive 
group of Naval design experts in the required fields to cope with 
the new technological problems of this war. Fortunately, this is 
not nearly so true now as it was in the hectic days of 1940-1943. 
This fact, coupled with the absolute need in that period for all 
of us to perform so many detailed non-engineering functions in 
addition to technical engineering presented a severe crisis which, 
fortunately, we have now largely passed—and successfully. 


For example, I can remember the brief period of wonderment 
through which I passed in my first weeks of active duty. I 
wondered at having to prepare procurement requisitions, follow- 
through on production schedules, “worry about” material supplies 
for the contractor, progress the shipboard installations, and a 
whole host of other problems largely and normally the province 
of the material engineer or expediter. The point remains that the 
job had to be done. Those of us on the job engaged in the develop- 
ment of new devices had to share considerably in the “horse- 
work.” At that time, and I suppose as always, this phase of 
engineering duty, while not as attractive nor as satisfying to the 
development engineer as the more creative engineering, was as 
vital as all others. Without the “carry-through” on production, 
without effective use in great quantity, all of the new types of 
weapons in the world would not avail nor help make possible 
striking the blow for victory. 

In a second gross aspect, Naval engineering, as performed in 
this war, is different. It is different because of the tremendous 
influx of personnel—while the war is being waged—all such 
personnel having wide divergencies in background, experience and 
qualifications. The ultimate effect of this influx, I believe, is not 
only to provide sheer physical growth in the needed manpower, 
but also to instill a new vigor and fresh ideas and to germinate 
new spiritual and intellectual grewth in the Naval organization 
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as a whole. Needless to say, along with the advantages accruing 
from the necessary numerical growth, the personnel administra- 
tion problems occurring during such an influx are tremendous. It 
is surprising to me to see how smoothly, on the over-all, this 
growth and absorption have been effected. 

Most of these new personnel, at least in Naval engineering, 
came to their new tasks without too many pre-conceptions of 
them. They came so rapidly and in such numbers (as had to be 
the case) that duplication of effort or mis-placement of abilities 
occurred in some cases. But, in general, there was more than 
enough engineering work of all types to go around. Some square 
pegs got into round holes, and vice-versa. The point remains that 
the job somehow had to get done, and was done. After a time, 
many of the good administrators of Naval engineering delegated 
much of their detailed duties and responsibilities to the new men, 
who normally in peace-time would not be “taking on” jobs of 
such magnitude for five or ten more years of their professional 
lives, if then. Most met the challenge. Most, indeed, seized at 
the opportunity to perform duties of such increased scope. 

It seems to me that almost without exception, civilian and 
officer, regular and reserve, realized only too well that here in 
Naval engineering was a task requiring the utmost in team-work, 
cooperation and sharing of responsibility, and, above all, demand- 
ing unstinting endeavor by all to accomplish more with the pass- 
ing of each day. 

War-time engineering in the Navy proceeds under other con- 
ditions of stress. Somany of the equipment requirements have been 
new that many existing engineering specifications could not be used. 
(Who can name a single Navy design which has not been changed 
or innovated during this war to meet present Naval require- 
ments?) Very often, the contract description of the equipment 
served as the nucleus of a new basic specification. Many technical 
specifications could only be issued as brief interim specifications 
because of the rapidly changing development and design status 
and the marked changes in technology which were simultaneously 
occurring. Not the least of these changes in technology have been 
those dictated by the enforced use of substitute and synthetic 
materials and resulting new processes of manufacture. In such 
cases, the existing standard, peace-time engineering specifications 
could only serve as the starting-point for change. 
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If I were to summarize in a few words the job of Naval 
engineering in wartime as I see it, I should say that it is “to 
ensure that (1) the new Naval equipments and constructions in 
wartime are designed, completed and placed in operating condition 
ready for battle, (2) in two-thirds the scheduled time, (3) with 
a reserve production potential 150 per cent of scheduled require- 
ments, and (4) with the new technical warfare requirements of 
new designs already on the drawing-board in preparation for the 
next stage.” Naval engineering in total war is dynamic, complex 
and basically challenging to all our resources and stamina as well 
as to our technical skill and vision. 

So far I have attempted to accurately record my own impres- 
sions of Naval engineering in this war, based upon those detailed 
experiences and incidents in which I have been either a partici- 
pant or an onlooker. In the foregoing recital of these observations 
I have purposely refrained from criticism, constructive or other- 
wise, of Navy methods of engineering. There was not the place 
and then was not the time to inject personal opinion or belief. 
On the other hand, the foregoing effort to objectively relate my 
impressions of Naval engineering in wartime should not be in- 
terpreted as complete acceptance on my part as an individual of 
what is categorically known as “Navy methods”, nor as an 
attempt by me to justify same. Indeed, “by their fruits ye shall 
know them.” The over-all results speak for themselves, and will 
continue to do so, I believe. 

However, I should regard myself as blind, indeed, and an 
abjectly unprogressive non-individual, were I not to also write 
down those deliberate constructive suggestions for consideration 
which are as definitely a part and result of my “seeing engineering 
in the Navy” as all that which has gone before. 

The specific facts and general situations motivating the follow- 
ing suggestions for improvement are too commonly known to 
require repeating here. Hence, no novelty is claimed. The end- 
objective of listing these suggestions as the conclusions to this 
paper is to voluntarily add to that large body of first-hand data 
needed by those who are responsible for and intensely interested 
in shaping the future progress of the United States Navy, in 
general, and of its engineering phases, in particular. In this 
respect, I have considered this paper to comprise not only an 
entry in a prize-paper competition of high professional standing 
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but also a performance of that type of duty known in a line 
organization, such as the Navy or a large industrial corporation, 
as “staff work.” As such, the following summary of suggestions 
is constructively offered in completion of my staff work in this 
article: 


SUMMARY OF SUGGESTIONS FOR THE FUTURE. 


1, Progress in all branches of Naval engineering in the post- 
war period must not be permitted to regress to: that low level of 
activity characteristic, in general, of the “peace” years between 
the end of World War I and the beginning of World War II. 

2. United States Naval engineering in the post-war period 
must remain abreast of, and preferably ahead of, all world-wide 
technical advance with respect to naval and military applications. 

3. A large progressive staff of civilian professional experts 
in all branches of Naval engineering must be actively maintained 
by the Navy within the Naval establishment at all times. Con- 
tinual additions thereto must be made from the best men in the 
oncoming classes of graduates from civilian engineering educa- 
tional institutions. 

4. Higher professional incentives, extra and distinctive rewards 
for merit, and active national publicity on all phases of Naval 
engineering must be provided and maintained in peace-time. The 
Congress and the people should be convinced that only with their 
full backing in appropriations, personal interest and lively curios- 
ity regarding the Navy, in general, and Naval engineering, in 
particular, can possible future national tragedy be forestalled. 
For the Congress, the citizenry or anyone in the Navy to decry 
this statement is to have a short memory indeed. Let us not be 
blindly self-satisfied with our hard-won achievements in this 
World War II. 

5. The curricula of the U. S. Naval Academy, especially in 
Naval engineering, must be kept abreast of the technical advances 
and modern engineering methods within and outside the Navy in 
peace-time as well as in war-time. If this means a little more 
engineering and science and a little less drilling and military 
duties let that be done. If it means several post-graduate years 
for all Academy graduates, let the base be expanded and double 
or triple the number of midshipmen going through the Academy 
at any one time. If it means fuller use of civilian educational and 
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scientific institutions, may the Navy make use of them on a 
general contract basis. 

6. Close, effective liaison by the Navy with industrial, scientific 
and educational civilian institutions and organizations must be 
maintained at the engineering research, design, operational and 
educational levels. This liaison should be effected so as to 
directly and continuously benefit the Navy in its various technical 
bureaus, in its engineering laboratories, in its engineering training 
of midshipmen, and in its professional advancement of Regular 
and Reserve engineering officers. 

7. The full utilization of the best engineering officers in the 
Navy, whether Academy or civilian college graduates, can best 
be accomplished by improving, in general, the lot of the technical 
man in uniform. He should not be considered as a convenient 
orphan nor should his promotion path to flag rank be any more 
statistically uncertain than for non-technical officers, regardless 
of his being Regular or Reserve. 

8. In the Naval Service, at the level of actual engineering duty, 
clear distinction should be made between shipboard (operating) 
engineering duty, specialist engineering duty (such as radio, 
radar, fire-control, underwater sound, inter-communication, etc.), 
research engineering duty, design engineering duty, educational 
engineering duty, material engineering duty and procurement 
engineering duty. Rare is the man, let alone the Naval officer, 
who can do all these things well. 

9. After all engineering officers have undergone a period of 
active, in-training ship duty (the duration of which should be 
consistent with their ultimate engineering duty objectives in the 
Navy), and after they have completed a suitable post-graduate 
course where necessary, they should be carefully differentiated. 
They should be differentiated according to aptitude, evident inter- 
est and performance, and categorized into the engineering specialty 
where they perform best and are most needed in the Service. 
Circumstances should be recognized which might justify subse- 
quent change of category. 

10. It would be well not to permit higher rank from one 
category to interfere directly with the performance of duties in 
another category. I am thinking, for example, of the particular 
case of engineering procurement experts attempting to responsi- 
bly establish the detailed objectives of a Naval research or 
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development project. A more extreme case to be obviated is any 
attempt by ship operators, who surely have their own hands full, 
to do more than define the operational requirements of new 
weapons, devices or shipboard engineering equipments. 

11. Centralize in one agency responsibility for and authority to 
direct all Naval research and development of new weapons, de- 
vices, and equipments, in order to effect dispatch and coordination 
in the attainment of the technical objectives. The Head of this 
agency should report directly to the Secretary of the Navy and 
speak with his authority. (Since first writing this, the new Office 
of Research and Inventions has been established.) 

12. Perpetually recognize that true progress in Naval engineer- 
ing research, design and development is the keystone of strength 
and superiority in Naval warfare. (“Ex scientia tridens”). 

13. Maintain up-to-date at all times a set of organizational 
plans, based on current technological progress and upon various 
sizes of Naval engineering organizations, to serve as blueprints 
of whatever size and scope a shore technical structure may be 
required in time of national emergency. 

14. Maintain a vigorous program of commissioning, categoriz- 
ing, and promoting qualified engineering civilians in the Naval 
Reserve. Determine in advance of any national emergency and 
maintain on a current basis, the prospective billets where, on 
active duty, each Reserve Officer and his qualifications would be 
utilized to the maximum advantage of the Naval Service. Deter- 
mine, in particular, whether or not it is to the best interests of 
the Navy that, in time of national emergency, he remain in his 
civilian engineering status or be ordered to active duty in Naval 
engineering. 

No doubt, these observations and suggestions, as well as many 
others, have been made and are receiving the consideration they 
are deemed to merit. From that I am sure engineering in the 
Navy as seen by this Reserve officer will benefit. The ultimate 
general good of the Service requires much large-scale critical 
self-examination not later than now. That, too, represents progress 
in finding “the practical solution to the practical problem” of 
continued future growth and preparedness of the United States 
Navy. 
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SHIP’S LIGHTING AND DARK ADAPTATION. 


By B. F. GREENBERG.* 


I—INTRODUCTION. 


Dark adaptation is, as the name implies, the process of adjust- 
ing one’s eyes for seeing when there is very little light, i.e., under 
very low levels of illumination. The average individual encoun- 
ters the process of dark adaptation several times per day and no 
special means are provided to meet the problem. However, for 
shipboard application where time is important, the basis for a 
dark adaptation can be focused on one condition, namely,— 
The least practical time required to be able to see the enemv or 
operate guns, etc., in the dark after coming from a tizhted compart- 
ment or space. It is to this condition that all attempts to devise 
a dark adaptation system are directed. 


In the design of a low level illumination system dark adapta- 
tion is one factor. Depending upon the space or compartment 
under consideration, dark adaptation, light security or comfort 
may be the determining factor. However, for the purpose of this 
report the other factors will be neglected and 8 dark er 


tion will be considered. 
II—MEcHANIcs oF SEFING. 38 


There are two mechanisms for seeing; one for seeing sicdlt oe 
levels of illumination, which can be called night vision (techni- 
cally known as rod vision because of the shape of the nerve 
cells); and day vision, for seeing under all levels of illumination 
except the very low values (cone vision). Each classification 
differs in respect to sensitivity, effect of color, ability to match 
colors (contrast sensitivity) and the ability to discern detail 
(acuity). And, as can be expected, the results of any dark 
adaptation experiments can be divided into two classes, depend- 
ing upon the range of illumination values considered. Expressed 
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mathematically, the relation between dark adaptation and illu- 
mination is a discontinuous function with the break occurring 
at a value of illumination equivalent to that obtained on a moon- 
lit night (.01—.01 foot candles). 

The process of becoming dark adapted is a gradual process. 
It takes an interval of time to see an object, if the illumina- 
tion to which the eye is originally adapted is greater than the 
illumination on the object in question. This interval of time 
may be a second, or a few hours, depending upon the difference 
in illumination values, and the range of illumination values con- 
sidered. For instance, if the illumination values are within the 
range of day vision (cones) then the time may be a matter of 
seconds, and the maximum time is in the order of one minute. 
If the range of values involves a change from day to_night vision 
then the change in time for white light may be from about thirty | 
minutes to a few hours. 


Becoming dark adapted is a chemical process, and involves the 
accumulation of chemical substance, (visual purple). The sub- 
stance is produced at a certain rate, and the sensitivity of the 
eye at any time is proportional to the amount of substance 
present at that time. The longer the time after exposure to a 
light source, the greater the amount of substance collected, and 
the greater the sensitivity of the eye. However, upon exposure 
to light the chemical substance becomes used up at the same 
time as it is being produced. Thus, when looking at a light 
source, two simultaneous processes are occurring, the eye is both 
producing and using up this chemical substance. When viewing a 
steady light source, equilibrium conditions are obtained, and the 
rate of loss is equal to the rate of gain. Now, if the light source 
is removed the accumulation of chemical substance still con- 
tinues, as it is a chemical process, while the destruction of this 
substance is stopped, because it depends upon light. The 
amount of substance present at the instant the light source is 
removed depends upon the brightness of the light source. For 
high brightness the value is low, while for lower brightness a 
greater amount of substance is initially present. 


Based on the above analysis, the following qualitative data on 
dark adaptation can be obtained: 


(a) In order to see an object at a given brightness, level a 
certain amount of time is required. 
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(b) The amount of time depends upon the illumination level 
to which the eye was previously exposed. 


(c) During the time interval in which the eye is becoming dark 
. adapted, exposure to a bright light source should be avoided. 
The effect of light is to destroy the light sensitive substance. 


(d) The delay in dark adaptation caused by light exposure 
during the dark adaptation period depends upon the brightness 
and duration of the exposure. For relatively long exposures 
(greater than a few minutes), the chemical process would reach 
an equilibrium condition and the process of adaptation would 
have to be repeated. 


(e) The effect of a short exposure is to cause a partial delay in 
adaptation. The length of the delay depends upon the brightness 
or rate of destruction of the light sensitive substance. 


A typical curve of relative threshold brightness and/or illumi- 
nation for both day and night vision is given as a function of 
time in Figure I, (A comparison between threshold illumination 
and threshold brightness is given in Appendix A.). 


The relative threshold brightness for different initial illumina- 
tion levels of white light as a function of time is shown in Figure 
II. From this curve it can be seen that with an initial, illumina- 
tion of white light of 5 foot candles it takes 14 minutes to reach 
a relative threshold of 1 micro foot lamberts while for an initial 
exposure of 5 foot candles it takes 20 minutes to reach the same 
threshold. 


III—Errect oF COLOR ON DARK ADAPTATION. 


We have previously discussed three factors affecting dark 
adaptation: (1) amount of light required to see (threshold bright- 
ness), (2) the initial level of illumination previously exposed to 
(illumination level of initial stimuli) and (3) the permissible 
maximum time to see the threshold brightness (time). The fourth 
factor is (4) color. 


It is a well known fact that the eye is not equally sensitive to 
energy of different wave lengths, i.e., all colors of light. For 
example, for day vision it takes 10 units of red (wave lengths 
6500 Angstroms) to produce the same seeing effect as 1 unit of 
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green (5500 Angstroms). For night vision, 160 units of red 
(6500A) produce the same seeing effect as 1 unit of green (5500A). 
The relative sensitivity of the eye to different colors is shown 
in Figure III. 

The significant features which can be derived from this curve 
are as follows: (1) under night vision the eye is most sensitive to 
blue light, while for day vision the maximum sensitivity is ob- 
tained with green light; (2) night vision is much more sensitive 
than day vision; (3) under night vision the eye is relatively 
insensitive to deep red light. 

Consider the first factor. Because the sensitivity of the eye 
varies with color, a small amount of blue light is required to be 
just seen, while a relatively large amount of red is required in 
order to be just seen. In general, the amount of light required to 
be seen at any wavelength is inversely proportoinal to the sensi- 
tivity of the eye at that wavelength. Thus, the greater the 
sensitivity (Figure III) the less light required to just see a light 
source. Now, since the threshold brightness varies with color, 
and the threshold varies with time, it follows that the adaptation 
time varies with the color of the light source. The rate of 
adaptation to a monochromatic light test source is shown in 
Figure IV. 

The second important factor which can be derived from the 
visibility curve is the effect of the color of the initial stimulus on 
the adaptation time. In this case it can be assumed that the 
color of the test source is kept the same, and the illumination 
level of the initial stimulus is the same; the only variables are, 
then, the color of the initial stimulus and time. From Figure III 
it is evident that red light is the least sensitive to night vision, 
yellow next, then green, blue-green, and blue, in that order. The 
initial light exposures are in most cases viewed under day vision 
(cones), while the threshold values are usually in the range of 
night vision (rods). In the case of red light, from Figure III 
under day vision enough light could be provided for seeing 
without greatly affecting seeing under night vision. In other 
words, the eye is relatively blind to red light under night vision, 
but it can see with red light under day vision. Consequently, 
less time is required to become adapted after exposure to red 
light than to any other color. Similarly, orange light requires 
the next shortest time, green next, and finally initial exposure to 
blue light requires the longest time to reach a given threshold 
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value. The time required to reach a given threshold value after 
exposure to various colored light source depends upon relative 
sensitivities of the particular color under day and night vision. 

From the above comparisons of adaptation time as a function 
of color of test source for a given color of initial stimulus, and 
adaptation time as a function of color of the initial stimulus, it 
is possible to determine the adaptation time for any combina- 
tion. From Table I, the comparison between the adaptation 
time for different colors of initial illumination and different 
colors of light sources are given. 


TABLE I. 
Color of Initial Color of Test Relative Adap- 
Light Exposure Source _ tation Time 
Blue Blue Longest 
White Blue Very long 
Red Blue Short 
Blue White Very long 
White White Long 
Red White Short 
Blue Red Long 
White Red Long 
Red Red Short 


IV—EFFECT OF COLOR ON SEEING. 


One index of seeing, which can be related to color, is the ability 
to discern details, i.e., visual acuity. There are several methods 
of measuring visual acuity, for example, the ability to distinguish 
two lines apart, or the ability to distinguish different size letters 
on a test chart. Visual acuity is a function of many variables, 
namely: age of the observer, diet, illumination level and color. 
Disregarding the factors of age of the observer, and diet, etc., 
then visual acuity can be compared for different illuminations 
and colors. The first case to be considered is day vision. Under 
“day vision”’ visual acuity varies with illumination level, and, 
for a given illumination is the same for all colors. The relation 
between visual acuity and illumination for all colors is shown in 
Figure V. 
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For night vision (rods) the visual acuity varies both with 
illumination and with the color of the light source. Figure VI. 

From Figure VI it is evident that for a given illumination or 
background brightness, greater acuity is obtained using red light 
than green or blue. Thus for equal illuminations, under low 
levels of illumination red light is superior for discerning details 
than any other color. This can be explained by the fact that 
the red light receptors in the eye are more closely spaced and of 
finer structure than the other color receptors, thus greater 
definition can be obtained. 


V—EFFEctT oF LIGHT EXPOSURE ON DARK ADAPTATION. 


As previously stated, the effect of light exposure during the 
dark adaptation period is to delay adaptation to a given threshold 
illumination and/or brightness. The same factors which apply 
to the effect of initial conditions on adaptation time apply to the 
effect of light exposure on adaptation time. For instance, the 
effect of light exposure depends upon the brightness and color of 
the source, the color and size of the test source, etc. For very 
low levels of illumination the effect of a colored light may be 
actually to decrease the adaptation time, while for longer expo- 
sures to a light source of high brightness dark adaptation 
would be completely destroyed and the process would have to 
be repeated. 


The test procedure for studying effect of light exposure on 
dark adaptation is as follows: The subject first views a screen 
illuminated to a certain brightness level and color. Then the 
light is removed and the time required to reach a certain threshold 
brightness in complete darkness is measured. After the subject 
has become completely adapted to the given threshold bright- 
ness, a light source of a certain color and brightness is turned on 
in the field of view for a certain period of time. The light source 
is then removed and the time for the observer to become adapted 
to the initial threshold is again measured. 

Before discussing the details of light exposure tests, a short 
summary of the results so that the complete picture can be 
visualized is in order. From test results the following factors 
are evident: 

(A) For very low levels of illumination and/or brightness 
(approximately .001 F. C.) and for exposures of the order of 
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10 minutes, neither red, green, or blue light has an appreciable 
effect on dark adaptation. 

(B) Instantaneous exposure to light sources, such as gun 
flashes, etc., increases adaptation in the order of a few seconds. 

(C) Exposure to white light sources for about 15-30 seconds, 
increases adaptation time several minutes. 

(D) Exposures to light source for several minutes results in 
complete light adaptation and the dark adaptation process has 
to be repeated. 

Exposure to low level (approximately .001 foot lamberts) of 
red and blue light has been studied by Messrs. Luckiesh and 
Taylor of the General Electric Company. As a result of their 
tests it can be concluded that within brightness ranges of 
(O—.001 F. L.) neither red nor blue light has any appreciable 
effect on dark adaptation. The results of their tests are shown 
in Figure VII. 

The above results can be explained in view of the discussion 
of color and initial illumination level. From Figure VII it can 
be seen that for very low brightness levels, dark adaptation is 
very rapid. Now, assuming the worst case, that of complete light 
adaptation to the exposed source, then the recovery time is but 
a special case of the problem of initial adaptation. Consequently, 
for very low levels of brightness, the color of the light is imma- 
terial, and the important factor is the illumination level. Practi- 
cally, this means that if the light source is properly shielded the 
color is of no consequence in regard to dark adaptation. Color 
becomes important in the consideration of the effect on seeing, 
the effect on being seen, and dark adaptation at high brightness 
levels. 

Another case is the effect on adaptation time of exposures of 
the order of one minute or less to bright light sources. Test 
results for the condition are not readily available, though indi- 
cations are that for brightness levels such as obtained from the 
general illumination system, the delay in dark adaptation for 
exposure of one minute or less is in the order of several minutes. 


VI—QUANTITATIVE RESULTS. 


In order to compare two sets of measurements, the test pro- 
cedures in both cases must be the same, i.e., the test source should 
be the same color, the initial stimulus must be the same, the size 
and distance from the test source should be the same, back- 
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ground brightness equal, etc. Therefore, before any comparisons 
can be made, a method of converting the variables to a common 
basis must be derived. In Appendix A, a method of reconciling 
test results is shown. This general method is founded on the 
basis of threshold illumination. Threshold illumination is defined 
as ‘‘the minimum illumination at the eye of the observer from a 
light source, in order to just perceive the presence of the light.”’ 

The threshold illumination is a function of the size, position, 
color, and background of the light source. The method of calcu- 
lating the threshold illumination is shown in Appendix A. The 
threshold value can be calculated for any set of test results, if 
all the test procedures are given. Knowing the highest and lowest 
values, the results can be compared to the general curve, Figure 
VIII. 

The following example illustrates the effectiveness of the above 
method in analyzing test results. An article appeared in the 
Journal of The Optical Society of America, ref., in which the 
author claimed that color has no effect on dark adaptation; that 
instead, the decreased illumination resulting from the use of a 
colored filter is the important factor. To substantiate this claim 
an experiment was conducted in which the time to reach a 
threshold of 3.5 micro foot lamberts was measured. After be- 
coming dark adapted, the observer viewed a screen until becom- 
ing completely light adapted to the brightness of the screen. 
The test field was a white screen (color temperature 5400 de- 
grees K) which subtended an angle of 12 degrees at the eye. 
The average time to reach the threshold (after viewing screen 
with brightness of 3 foot lamberts of white light) was 63 seconds, 
while the adaptation time after viewing screen was illuminated 
the same brightness with red light was 60 seconds. The calcu- 
lated threshold illumination for this case is 1.6 x 10—7 foot candles, 
and from Figure VIII the equivalent time in seconds for red is 
50 seconds and for the white is 110 seconds. If the threshold 
were changed to .35 micro foot lamberts then the threshold 
illumination would be equal to 1.6 x 10-® foot candles and the 
equivalent time would be 500 seconds for white and 180 seconds 
for red. 

In applying the above results to Naval practice, it is necessary 
to assume the possible minimum threshold which would possibly 
be encountered. Upon this value depends the relative advantages 
between different colored lights and the advisability of providing 
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a separate system. A reasonable estimate of threshold illumina- 
tion encountered for seeing tasks under night time conditions is 
1 x 10-8 foot candles. 


VII—Types or ADAPTION SYSTEM. 


Before attempting to answer the question of whether a dark 
adaptation system is advisable on shipboard, it is important to 
review the possible types of systems. 

There are several different types of dark adaptation systems, 
each of which has its particular advantages and disadvantages. 
The major classifications are: 

(a) Complete dark adaptation, separate from general illumi- 
nation system. 

(b) Partial system, combined with general illumination system. 

(c) Two sets of light controls on general illumination system. 

(d) Part complete and part general illumination system. 

The first type of system, a complete dark adaptation system, 
should be provided when it is imperative to precondition all 
personnel for maximum night vision and to maintain that condi- 
tion once it is obtained. In this case red light should be provided 
as it affects dark adaptation least. The level of illumination 
produced by red light should be kept to a minimum, with all 
sources of bright light excluded. However, enough light should 
be provided to insure safety. It should be possible for personnel 
to go out on exposed decks without becoming subjected to 
white light. This means that red light must be provided in all 
spaces and compartments which dark adapted personnel might 
enter. The advantage to this system is that at any moment 
personnel are conditioned to seeing without a wait on going into 
the darkness. The disadvantages of the system are: the high cost, 
use of materials and labor, complexity of an additional system, 
and the decreased seeing efficiency resulting from the use of the 
very low levels of illumination. 

The second type of system is the partial system, obtained by 
combining the dark adaptation system with the general illumina- 
tion system. This system is based on an allowable wait in becom- 
ing dark adapted. The system can be compared to a complete 
red light system by determining the increase in time required to 
become adapted to an assumed threshold with a given color, and 
illumination level. The permissible difference in time varies for 

different compartments, and so too the means for obtaining the 
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illumination varies with the compartments. The advantages of 
this type of system are decreased cost and improved seeing by 
nature of the increased illumination. 

The third type of system is that obtained by switching sec- 
tions of the general illumination system. In this case the same 
light source is used for the dark and for the general illumination 
system. For example, if the permissible increase in time were 
2 minutes, then 2 foot candles of white light could be provided 
instead of red; and the general illumination in the compartment 
could be arranged so as to obtain two foot candles or five, de- 
pending on the specified value for that compartment. This 
system has the advantages of the least possible cost, and the 
minimum use of materials. 

The fourth type of system is the partial red light system, 
designed so as to provide: a limited number of established routes 
between the berthing spaces and the topside watch stations, 
and a reduced light contrast between the interior of the vessel 
and the dark outside deck so that the period of blindness experi- 
enced by ship’s personnel going to stations on the outside deck 
will be reduced to a minumum. The advantage of this type of 
system is the few red light fixtures required. The disadvantages 
of this system is that on going from inside lighted spaces to the 
outside the so-called blindness would be almost as great as the 
blindness on going from the white lighted spaces inside to the 
red lighted spaces. 

There is no short cut to dark adaptation. On going from the 
white lighted spaces through red lighted spaces to the outside, the 
only gain by the use of the red light is a very small saving in time. 
The saving in time is equivalent to the time spent in the red light, 
Assuming that the length of the red. lighted passage is 100 feet. 
then the savings in time would be of the order of 8 seconds. 
Thus the same effect could be accomplished by waiting outside 
8 seconds. Contrary to the common belief, changes in brightness 
are not directly proportional to change in pupil size. For instance, 
pupil diameter changes through a ratio of 16 : 1 for brightness 
ranges of 1000 :1. Thus the change of pupil size has little effect 
on producing temporary blindness. In view of these facts, it is 
questionable whether any advantage can be obtained by the use 
of a limited number of red light fixtures in certain selected 


passageways only. 
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VIITI—ELEMENTs OF SYSTEM DESIGN. 


In the design of a dark adaptation system, as in the case of all 
other types of illumination systems, consideration must be 
given to such factors as: desired illumination levels, fixture 
spacing and mounting height, high brightness contrasts, etc. 
The same criteria for fixture spacing, light distribution, and 
elimination of glare which apply to the installations of a general 
illumination system apply to the design of the dark adaptation 
system. 

The first element in system design to be considered is the 
illumination level. For any space or compartment the illumina- 
tion level is dependent upon the nature of the seeing tasks carried 
out in that compartment. The illumination level is, then, a 
compromise between improved seeing, increased cost and use of 
materials. For dark adaptation systems another factor enters 
the problem. This factor is the effect of different illumination 
levels on dark adaptation. All other things being equal, the 
illumination level resulting from the use of red light should be 
the same as obtained from the white light installation. However 
because of the inefficient red light sources, high levels of red light 
are impractical to obtain and a compromise value must be 
assumed. 

In order to obtain the same illumination with red light as 
obtained with white light, the number of red light fixtures in a 
compartment would have to be eight times the number of white 
light fixtures. Since this would result in an unduly large amount 
of red light fixtures, improved seeing has to be sacrificed to 
decreased cost and use of materials. Accordingly suggested 
values of red light illumination levels are given in Table II along 
with the specific illumination levels for white light. 

In the table it should be noted that wherever reading is 
likely to be done, the illumination level is greater than .3 foot 
candles. 

The second element in system design is the required fixture 
spacing. This factor is governed by the illumination within the 
compartment. The spacing required to obtain the illumination 
values given in Table II is given in column 4. In order to 
obtain the best distribution of light, the fixtures should be 
mounted as high as is practical. Low level bulkhead mountings 
should not be used as they concentrate the light over a compara- 
tively small area. 
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TABLE II. 
Foot Candles Area/50w. Spacing 
Compartment White Red red fixture V/A 
Air Officers’ conference room 10 1.0 16 4’ 
Mess rooms, pantries...... 5 5 32 6’ 
Crew’s berthing........... 5 25 64 8’ 
Hanger spaces............. 8 8 26 5’ 
Lounges, wardroom........ 5 5 32 6’ 
2 a 60 5 x 12’ 
10 1.0 16 4’ 
Topside enclosed spaces. . . 5 5 32 6’ 


The third element in the system design is brightness contrast, 
i.e., glare. All visual characteristics depend upon the illumination 
at the eye, which in turn is dependent upon the brightness and 
brightness distribution in the field of view. If a light is mounted 
in the field of view, dark adaptation time is dependent upon the 
brightness of the light source, rather than upon the illumination 
in the compartment. Therefore, for an ideal system, all bright 
sources should be removed from the field of view. 


IX—Cost ANALYSIS OF DARK ADAPTATION SYSTEM. 


All other things being equal a complete dark adaptation system 
could be provided by the use of red light. A relatively high level 
of red light could be provided for seeing and still the adaptation 
time would be at a minimum. On the other side of the ledger, the 
use of materials, and the costs attendant on a complete and con- 
sistent dark adaptation system would be high in comparison to 
other types of systems. In the following discussion, cost, and 
use of materials, labor, time, etc., will be assumed as the critical 
factors. 


As shown in Figure VI, for low brightness and/or illumination 
levels, different colors produce different visual acuities, (ability 
to distinguish detail). The relative illumination required for the 
same visual acuity for both high and low levels of illumination 
is given in Table IV. 
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TABLE ITI. 
Relative Cost of Light (1/lumens 1 watt) 
Color Incandescent Fluorescent Sodium 
White ‘1 A 
Red 8 (Filter 12%) 4.5 re 
Yellow 2 (Filter 50%) 8 Be 
Blue-Green 12 (Filter 8%) 4 : 
TABLE IV.* 
Relative Visual Acuity (ability to distinguish details). 
High Low 
Color Brightness Brightness 
White Constant 3.0 *Rating refers to 
Red Constant 1.0 required relative 
Yellow Constant 1.7 illumination for 
Blue-Green Constant 4.0 same visual acuity. 


Table III can be combined with Table IV to obtain the relative 
cost for the same seeing ability. The results of this combination 
for different color light sources are shown in Table V.. 


TABLE V. 
Relative Costs for Same Seeing Ability. 
Color Relative Cost* 
White 1.0 *Values refer to low 
Red 2.7 brightness values, 
Yellow 332 and an incandescent 
Blue-Green 16.0 light source. 


From the above table it is evident that white light is least 
expensive, then yellow, red and finally blue-green and blue are 
most expensive. In order of effectiveness in reducing dark adap- 
tation time it has been shown that red light is best, yellow next, 
green, white, blue-green, and blue is the worst. 

Therefore, whereas a yellow light source is less expensive than 
red and as it only slightly increases the adaptation time, it fol- 
lows that for some applications yellow light should be used. 
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Using yellow light, the seeing ability would be decreased by 

nature of the lower illumination, but the cost of the installation 

would be only 40 x _* 9 per cent of the cost of the red light 

installation. 

In many cases further savings can be obtained by the use of a 
color other than red, as enough light to preclude the need for a 
dual system could efficiently be provided. If necessary, the illu- 
mination level in the compartment could be decreased by the 
selective grouping of light control. Another alternative, which 
can be used in certain spaces and compartments, is the use of 
white light. 


Type OF LiGut SOURCE. 


In order to obtain a colored light source most efficiently, it is 
advisable to use a type of source which initially gives the desired 
color. This avoids the necessity of using a filter which transmits 
the desired color and absorbs all others. The available types of 
light sources which were considered are: incandescent, fluorescent 
and neon. The luminous efficiency (lumens per watt) of these 
types of light sources in producing red light, such as now speci- 
fied for a dark adaptation system (Cutoff at 6200 Angstroms) 
follows: 


TABLE VI. 


Relative 

Light Source Luminous Efficiency Cost 
50 watt incandescent 1.2 lumen per watt (red) 1.00 
15 watt fluorescent (pink) 3.3 lumen per watt (red) 36 
225 watt neon 14.0 lumen per watt (red) .09 


From the above table it is evident that sources other than a 
filtered incandescent lamp are more efficient in producing red 
light. In other words, taking the same type color filter and plac- 
ing it over an incandescent, fluorescent and neon light source, 
the relative light output per watt would be 1.2, 3.3, and 14 
lumens per watt respectively. Thus, particularly where a rela- 
tively high level of red light is desired, a source other than 
incandescent lamp should be used. 
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X—SHIPBOARD APPLICATION. 


In any type of installation only those spaces which require a 
dark adaptation system should be provided with it. Accordingly, 
the possible spaces in which personnel requiring dark adaptation 
are likely to enter can be classified into five categories: 


(a) Air officer’s conference room; ready room, hangar space. 

(b) Crew’s berthing and messing, wardroom, stateroom. 

(c) Topside enclosed spaces, sea cabin, radar space, conning 
tower. 

(d) Chart house, gun mounts. 

(e) Passageways. 


In each of the above spaces a comparison will be made between 
two types of systems; a complete adaptation system and a partial 
system based on an allowable wait in becoming dark adapted. 
Each group and space will be considered separately and the 
estimated cost and effectiveness of each system compared. 


A. COMPLETE DARK ADAPTATION SYSTEM. 


Group a. Atr officers’ conference room, ready rooms and hangar 
space. 

In these spaces it is particularly important to have enough 
lights for the efficient performance of the required tasks. From 
Table II the recommended illumination in air conference rooms, 
ready rooms and hangar spaces is 1, .8, foot candles respectively. 
In order to obtain the recommended spacing the fixture spacing 
in the conference room and ready room should be 4 x 4 feet, 
and in the hangar spaces it should be 5 x 5 feet. 


Group b. Crew’s berthing and messing, wardroom and stateroom 


In these spaces the seeing tasks are not critical, and in order 
to minimize costs, the illumination levels should be kept at a 
minimum. The recommended illumination levels are: 


Crew’s berthing and messing....... .25 foot candles 
Staterooms: FORD .1 foot candles 
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The fixture spacing required to obtain these values are: 


Crew’s berthing and messing............... 8x 8 


Group c. Topside enclosed spaces, sea cabin, conning tower, radar 
Spaces. 

In topside enclosed spaces and sea cabins the recommended 
illumination is .5 foot candles. The spacing to obtain this value 
is 6 X 6 feet. 

In radar spaces, a dark adaptation system may or may not be 
necessary depending upon the location and the use of the space. 
If dark adaptation is required then the lighting in the space 
should be consistent. The radar screens should preferably be red 
or yellow and of such brightness as not to increase adaptation 
time. Red light fixtures in the compartment, if nearer than 12 
feet from the radar screen should be provided with a shield to 
prevent direct light from falling on the screen and thus reduce the 
contrast on the screen. 


Group d. Chart house and gun mounts. 


In these spaces enough red light should be provided for efficient 
operation. A relatively high level of red light should be provided 
over the chart table, and the maps and charts should be printed 
in such colors which could best be seen under red lighting. In 
gun mounts the maximum light should be provided at the gun 
breech, and fixtures arranged so as to avoid glare. The recom- 
mended illumination level in the gun mounts is .5 foot candles 
of red light. 


Groupe. Passageways. 

Red light should be provided in passageways through which 
personnel pass on going on decks. The fixtures should be arranged 
to provide safe passage and to illuminate coamings of access 
doors, hatches, ladders, etc. In general the fixtures should be 
spaced 12 feet apart and mounted on the overhead. 


B. PARTIAL DARK ADAPTATION SYSTEM. 
Group a. 


The recommended illumination in ready rooms and air officer’s 
conference rooms for the partial dark adaptation system is 5 foot 
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candles of yellow light. The specified value of general illumina- 
tion in the above space is 10 foot candles; therefore, by control- 
ling the fixtures providing the general illumination with two 
switches instead of one, both 5 and 10 foot candles could be 
provided. Using the system no addtional fixtures for the dark 
adaptation system need be provided. The yellow light could best 
be obtained by installing pink incandescent lamps. The lower 
brightness, higher efficiency and proper color of this type of 
source makes it more desirable than a filtered incandescent 
light source. 

The other compartment in this group is hangar spaces. For 
the partial system, it is not advisable to provide a separate dark 
adaptation system in these spaces. The increased difficulties in 
handling planes would offset the advantage of a dark adaptation 
system. For those personnel who require dark adaptation, red 
goggles should be provided. 


Group b. 

Red light fixtures should not be provided in officer’s state- 
rooms. If dark adaptation is required then the berth light 
should be used. Assuming that direct exposure to the light 
source is avoided, then the increase in adaptation time resulting 
from the use of berth light is in the order of 1.5 minutes. If 
necessary the berth light fixture should be provided with a red 
shade. 

Crew's berthing and messing spaces should not be provided 
with a red light system. Fixtures providing general illumination 
should be properly shielded and the switching arranged so that 
two foot candles can be provided. An alternate method for 
lighting crew’s berthing and messing spaces would be to provide 
five foot candles of pink light. The need for separate switching 
would be avoided and the overall adaptation time would be 
decreased. 


Group c. 

In all cases topside enclosed spaces should be provided with 
red light. It should be possible for personnel on watch to go in 
and out of topside spaces without impairing dark adaptation. 
Group d. 


The chart house should not be provided with red light. The 
ability to read charts quickly and efficiently is more important 
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than the maintenance of dark adaptation of the navigation 
officers. If necessary a screen or shield should be provided 
between the chart house and other spaces. 

Gun mounts should not be provided with a red light system. 
Rapid and efficient operation of the guns is more important than 
the maintenance of dark adaptation. If necessary a screen should 
be provided between the officers requiring dark adaptation and 
the remainder of the gun crew. 


Group e. 


Passageways should not be provided with a source of red light. 
The general illumination level of 2 foot candles results in an 
increase of adaptation time of 2 minutes. Since other spaces 
would not be provided with a dark adaptation system, very little 
could be accomplished by providing red light in passageways 
alone. 


The above discussion illustrates the different degrees to which 
the dark adaptation system can be designed. However, which- 
ever system is used, it is important to be consistent throughout, 
as any combination of systems would in most cases destroy the 
effectiveness of both types of systems involved. 
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APPENDIX A. 
Comparison Betewwn Threshold Iliumination and Brightness. 


Illumination can be defined as the luminous flux falling on a 
surface per unit area. The foot candle is the practical unit. 

Brightness can be defined as the luminous flux emitted by a 
surface per unit area. The unit of brightness is the foot lambert. 

If a surface reflects 100 per cent of the light falling on it, then 
for an illumination on the surface of 1 foot candle, the brightness 
equals 1 foot candle. For a reflection factor of 50 per cent, then 
an illumination of 1 foot lambert produces a brightness of 1% foot 
lambert. 

A surface having a certain brightness produces a given value of 
illumination at any distance from the light source. The illumi- 
nation resulting from a source of a certain brightness depends 
upon the size and orientation of the light source and the position 
of the test source. For example, the illumination E, from a source 
of brightness B, and area “‘A’’ a distance of D from the light 
source (where D > > A) is equal to: 

BA 
E = TD?’ 

Thus a source with a brightness of 10 foot lamberts and an 
area of 1 square foot, produces an illumination of 320 microfoot 
candles at a distance of 100 feet from the source. 

For any size and position of test source threshold brightness 
can be calculated in terms of threshold illumination from the 
above equation. When the distance from the source is small 
compared to the size of the source, a more complicated formula 
must be used. 

The required amount of light at the eye of an observer to just 
see a test source depends upon the size, color, and position of 
test source. From references, the threshold illumination for 
different size of test source, color of test source and background 
brightness is given. From those values, the minimum threshold 
illumination or brightness can be calculated for any set of con- 
ditions. 
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SHIP’S SERVICE GENERATOR VOLTAGE REGULATOR 
AND EXCITATION SYSTEMS. 


By R. B. LisBAKKEN. 


With the advent in 1932 of alternating current power systems 
on Naval vessels, the problem of suitable automatic voltage 
regulator and excitation systems for alternating current genera- 
tors became a problem not previously experienced on direct 
current generators. The problem initially was considered one of 
maintaining the A.C. generator voltage within close limits by 
controlling the A. C. generator excitation and of accepting the 
generator, exciter and voltage regulator performance characteris- 
tics as more or less separate from the power distribution system 
performance. 

In recent years, increasing consideration has been given to co- 
ordinating the generating and the distribution system into a care- 
fully integrated system. Since) the individual loads on the system 
have a specific function to perform and therefore must be supplied 
with a properly regulated voltage, the control of that voltage 
should be undertaken in the generating system. Various other 
factors which have influenced changes in generator and regulator 
characteristics are the adoption of circuit breaker selective trip- 
ping, the application of fire control and radar equipment, shock 
and vibration considerations and weight and space requirements 
on Naval vessels. Each of these factors has been considered with 
the objective of obtaining voltage regulators and excitation sys- 
tems as near ideal as possible consistent with other requirements. 


DeEsIGN CONSIDERATIONS. 


The electrical characteristics which have been considered in 
determining the type of voltage regulator best suited for ship- 
board use are as follows: 

(a) Voltage sensitivity (The maintaining of generator terminal 
voltage within specified limits from no load to full load including 
conditions of frequency variation, power factor variation, phase 
unbalance, inclined operation, severe shock and vibration. ) 

(b) Speed of response (The speed with which the regulator 
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operates to start correction of the excitation following a transient 
load change.) 

(c) Inherent forcing ability (Ability to provide large cor- 
rective action to change generator excitation.) 

(d) Inherent damping (Following application of corrective 
action, the ability to damp the corrective action to prevent over- 
shoot of A.C. generator voltage without materially slowing down 
the initial recovery of the voltage.) 

(e) Voltage recovery time (The total time for the generator 
voltage to return to and remain within the prescribed sensitivity 
limits following a specified sudden load change. The voltage 
recovery time is a direct function of the speed of response, 
forcing ability and damping of the voltage regulator and such 
characteristics of the exciter as field time constants, speed of 
response, stability and ceiling voltage.) 

The mechanical characteristics which influenced the application 
of voltage regulators are as follows: 

(a). Space and weight. 

(b). Ability to withstand shock and vibration requirements 
without mechanical damage. 

(c). Mechanically moving parts requiring repair and main- 
tenance. 


REGULATOR TYPES. 


To clarify terminology used in the subsequent discussion of 
shipboard voltage regulator equipment, the prinicpal types of 
voltage regulators used on ship’s service generators are identified 
as follows: 


(a) Indirect acting rheestatic: This type consists of a voltage 
sensitive control device whose primary contacts control a motor- 
operated rheostat connected in the generator field circuit. The 
secondary contacts control the operation of contactors which 
short out the rheostat resistance or insert a large block of fixed 
resistance to raise or lower generator voltage for large changes 
of load. On all Naval applications, this type of regulator operates 
in the A.C. generator field and the exciter is a constant potential 
120 volt D.C. generator. A typical circuit for an indirect acting 
rheostatic type voltage regulator is shown in Figure 1. 

(b) Direct acting rheostatic: This type consists of a voltage 
sensitive device incorporating and mechanically operating a vari- 
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able resistance which is connected in the field circuit of a genera- 
tor. The direct acting rheostatic type is usually connected in the 
exciter field circuit but may be connected directly in the A.C. 
generator field of small capacity generators if the regulator 
resistance has sufficient current capacity. When connected in the 
exciter field, the exciter becomes a variable voltage exciter 
operating normally between approximately 25 volts and 90 volts 
and having a ceiling of about 160 volts. A typical circuit for a 
direct acting rheostatic type regulator is shown in Figure 2. 

(c) Rotary Amplifier: This type is one in which voltage 
control is obtained through a voltage sensitive static electrical 
circuit. The static circuit is made up of potential and current 
transformers feeding through reactors, resistors, condensers and 
dry disc rectifiers and employs no dynamic components. The out- 
put of the static circuit is amplified through a very rapid re- 
sponse exciter (usually having several specially designed fields) 
to control the A.C. generator excitation and hence the voltage. 
Simplified wiring diagrams of the several manufacturers’ varia- 
tions of the rotary amplifier type regulator are shown in Figures 
4 through 7. 


REGULATOR APPLICATION. 


From 1932 to 1943, Navy practice provided that all ship’s 
service generators and even emergency servize generators, at 
first above 100 Kw. and later above 250 Kw., must use the in- 
direct-acting rheostatic type voltage regulator. The direct-acting 
rheostatic regulator was applied only to small capacity emergency 
or auxiliary service generators. The direct-acting rheostatic regu- 
lator was not previously applied to ship’s service generators, even 
though developed for a number of years, because this type 
regulator had not been tried and tested by the Navy to adequately 
determine its suitability on ship’s service units. 

However, to determine conclusively the comparative advantages 
of both the direct and indirect-acting rheostatic types of voltage 
regulators, tests were conducted during 1942 and 1943 both on 
shipboard and at manufacturer’s plants on Navy 1250 Kw. ship’s 
service generators. The results of all tests proved conclusively 
that the direct-acting rheostatic regulator was far superior in 
electrical performance to the indirect acting rheostatic regulator. 
Other advantages existed in the direct-acting rheostatic regulator 
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in that maintenance-requiring items such as relays and motor 
operated rheostats are not required, standard requirements for 
shockproofness were more readily met and the space and weight 
was less than for the indirect-acting rheostatic regulator. As a 
result, the indirect-acting regulator was supplanted by the direct 
acting regulator on ship’s service and emergency generators on 
new construction and conversion vessels beginning in 1943. The 
direct acting regulator is now in service on battleships, carriers, 
cruisers, tenders and landing craft controlling generators from 
60 Kw. to 1250 Kw. 


During 1944, the third type of voltage regulator was developed 
for Naval application by the electrical manufacturers at the re- 
quest of the Bureau of Ships. This type, the rotary amplifier 
voltage regulator, as used commercially, had indicated better per- 
formance and a more simple control circuit than either the direct 
or indirect-acting rheostatic types. To prove the electrical per- 
formance of this newest type regulator, various capacities of 
generators from 100 Kw. to 1500 Kw. were purchased having 
rotary amplifier regulator systems and tests were conducted at the 
manufacturers’ plants. Because of having still better electrical 
- performance and because of the apparent decrease in maintenance 
problems over the direct-acting rheostatic regulator, application 
of the rotary amplifier type regulator system to vessels where 
delivery of the equipment permitted was begun late in 1944. The 
vessels which have or will have this latest type regulator include 
battleships, carriers, crusiers, minesweepers and tenders with 
generator ratings ranging from 100 Kw. to 1500 Kw. 


Test REsuLtTs. 


As an indication of the comparative performance under trans- 
ient load conditions of the indirect-acting rheostatic, direct-acting 
rheostatic and rotary amplifier type regulators, the test results 
of a suddenly applied load test made on a 1250 Kw. Navy 
generator using each of the three types of regulators is shown 
in Figure 3. The comparative tests were all made by using an 
oscillograph to record the voltage for a sudden application of a 
load equivalent to 50 per cent of the generator rating at approxi- 
mately zero power factor from an initial condition of no load. 
The maximum voltage dip and the time for the voltage to recover 
to, and remain within plus or minus 3 per cent of normal voltage 
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Figure 3.—SuppEN Loap Application TESTS. 


on each of three types of voltage regulators of the same manu- 
facture, is shown graphically in Figure 3 and tabulated below: 


Maximum Recovery Time 
Type of Regulator Voltage Dip Tot 3% of normal 
Indirect acting rheostatic 13% 10 secs. (approx.) 
Direct acting rheostatic 12.5% 2.6 secs. 
Rotary amplifier 10% 0.2 secs. : 


Rotary AMPLIFIER CIRCUITS. 


Since the rotary amplifier voltage regulating system is one of 
the latest developments in shipboard regulators, particular atten- 
tion will be given to a brief analysis of the salient characteristics 
of each manufacturers’ equipment. During the initial develop- 
ment of this equipment, the requirement was imposed upon each 
manufacturer that the switchboard mounted rotary amplifier 
regulator components must mount interchangeably with the com- 
ponents of each other manufacturer. This has been accomplished 
quite successfully so that now the units making up the switch- 
board mounted regulator equipment to control one A.C. generator 
and exciter consist of the following: 

Potential Unit. 

Automatic Control Unit. 

Voltage Adjusting Unit. 

Manual Control Unit. 

Control Switch (“Manual-Automatic”). 
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The potential unit contains potential transformers for measur- 
ing the three phase generator voltage and a reactive droop com- 
pensation circuit (energized from current transformers for 
parallel operation of generators). In the case of the Westing- 
house “Rototrol” regulator shown in Figure 5, a positive sequence 
voltage network is employed wherein three phase voltage response 
is obtained by the use of a single phase potential transformer and 
two line current transformers connected through an impedance 
from which a single phase power source for the regulator con- 
trol circuit is obtained. 

The automatic control unit of all manufacturers’ equipment 
contains a frequency compensation circuit of a capacitor-resistance- 
inductance resonant circuit type and voltage comparison circuits, 
the final output of which is fed from dry-disc rectifiers to a field 
on the specially designed high-response exciter for the A.C. 
generator. 

The voltage adjusting unit consists of a small hand-operated 
plate-type rheostat on all manufacturers’ equipment except the 
General Electric Company regulator which uses an adjustable 
saturable reactor. The voltage adjusting unit is used only to 
adjust the voltage level which is to be held by the voltage regula- 
tor. Since the reactive droop compensation employed to obtain 
proportional division of reactive Kva load on paralleled genera- 
tors introduces a voltage droop of approximately 4 per cent from 
no load to full load at 0.8 power factor, the voltage adjusting unit 
permits adjustment of the voltage from 3 per cent below to 7 per 
cent above the regulated voltage or such that plus or minus 3 per 
cent of rated voltage may always be obtained. 

The manual control unit is a separate means of controlling the 
A.C. generator voltage in case of failure of the automatic control 
circuit (potential unit, automatic control unit and voltage adjust- 
ing unit). The manual control unit in all cases is a manually- 
operated plate type rheostat controlling the same field in the 
exciter to which the automatic control circuit is connected. In 
some cases, dry-disc rectifiers are included in the manual control 
circuit as a “valve” to prevent reversal of the exciter field. 

The “Manual-Automatic” control switch serves to transfer 
from the manual control circuit to the automatic control circuit 
such that in either position the other circuit is de-energized. 

In connection with the rotary amplifier type voltage regulator, 
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it should be pointed out that while the General Electric and 
Westinghouse control circuits are different, the entire automatic 
control circuit of each of these manufacturers is identical, physic- 
ally and electrically, for all capacities of Navy generators from 
60 Kw. to 1500 Kw. The Ward Leonard and Allis-Chalmers 
equipments have been developed only for 60 Kw. and 100 Kw. 
generators to date. 

In each of Figures 4 through 7, the potential unit, voltage ad- 
justing unit and the frequency compensation circuit and other 
refinements of the automatic control unit have been lumped into 
one unit indicated as the “voltage measuring network”. The basic 
voltage comparison circuits and the fields of the exciter which 
are controlled will be discussed individually for each manufac- 
turers’ particular system of rotary amplifier voltage control. 


GENERAL ELectric Company “AMPLIDYNE”. 


Differing from the commercial form of ‘“Amplidyne”, the Navy 
type uses a small permanent-magnet rotating field alternator for 
a reference and initial build-up voltage source in lieu of a separate 
D.C. power source. This pilot alternator is on the same shaft as 
the A.C. generator and exciter and is rated 55 volts, 0.5 ampere, 
single phase. As shown in Figure 4 the pilot alternator furnishes 
._power for the linear circuit rectifier which supplies a current to 
the control field in a direction to boost the A.C. generator excita- 
tion and voltage. The generator line voltage, fed through the 
voltage measuring network (hence frequency compensated and 
compensated for parallel operation) is applied to the nonlinear 
(saturable reactor) circuit rectifier which supplies a current to 
the control field in a direction to reduce the A.C. generator excita- 
tion and voltage. The linear and the non-linear rectifiers are con- 
nected in series so that the resultant direction of current flow in 
the control field is dependant on which rectifier has the higher 
output voltage, 

Referring to Figure 8, when the generator voltage is normal, 
the linear circuit voltage from the pilot supplies a boost current 
OD which is in the opposite direction and nearly equal to the 
buck current OA supplied by the saturable reactor in the non- 
linear circuit. Thus, the current through the control field is 
negligible and the exciter maintains the normal generator voltage. 

However, should a load be thrown on the generator, the line 
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voltage would drop slightly and the buck current would drop 
considerably to a value such as OB. The result would be that a 
boost current equal to OD minus OB would flow in the control 
field to increase the excitation and terminal voltage of the A.C. 
generator. Conversely, should the A.C. generator voltage rise due 
to a removal of load, the non-linear circuit buck current would 
increase to a value such as OC. The resulting current in the con- - 
trol field would then be a buck current equal to OC minus. OD 
which would reduce the excitation and terminal voltage of the 
A.C. generator. 

The “Amplidyne” exciter will maintain the A.C. generator 
voltage for all rated load conditions within a normal operating 
range of between 0.1 ampere buck and 0.2 ampere boost current 
applied to the control field. 


WestiINGHoUSE ExLecrric Corporation, “RoToTRoL”. 


The Westinghouse “Rototrol” rotary amplifier voltage regula- 
tor system consists of a voltage measuring network and a voltage 
comparison circuit, the output of which supplies a buck or a 
boost current to the “Rototrol” exciter for correcting excitation 
and yoltage of the A.C. generator for changing load conditions. 
The voltage comparison circuit consists of a capacitor-type linear 
impedance circuit and saturable reactor-type non-linear impedance 
circuit as shown in Figure 5. With normal A.C. voltage through 
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the voltage measuring circuit, the two impedances are equal, the 
rectifier voltages will cancel each other and no current will flow 
through the control field. Figure 8 may be used again to illustrate 
how a slight drop or rise in line voltage will cause a large ‘boost 
or buck current to be applied to the control field to correct the 
A.C. generator excitation and voltage. As ‘soon as generator 
voltage has been restored to normal, the linear and the non- 
linear impedance will again become equal and no current will 
flow into the control field until the next voltage change. 


ALiIs-CHALMERS MANUFACTURING Co. “REGULEX”. 


The Allis-Chalmers “Regulex” rotary amplifier voltage regula- 
tion system employs an exciter having self-excited shunt and 
series fields and a separately excited control field. The shunt and 
series fields are so adjusted that with full load on the A.C. genera- 
tor, no excitation is required in the control field. Thus the control 
field is used only to shift the exciter operating position on the 
straight line saturation curve. 

' The control circuit consists of a voltage measuring circuit and 
two parallel voltage comparison circuits each terminating in a 
rectifier bridge. The output of the three-phase line voltage rectifier 
bridge is compared to the output of the constant voltage trans- 
former single-phase rectifier bridge and the difference is applied 
across the control field of the exciter as shown in Figure 6. 
Hence, any drop or rise in the A.C. generator terminal voltage 
will result in a voltage being applied to the control field in a boost 
or buck direction to restore the A.C. generator excitation and 
voltage. 


Warp Leonarp Exectric Company “STATICTOoR”. 


The Ward Leonard Electric Company “‘Statictor” type voltage 
regulation system when used with a Delco Products Division of 
General Motors Corporation shunt exciter makes up the only 
Navy type of rotary amplifier type voltage regulator where all 
exciter field excitation is supplied from the control circuit. 

Essentially, the regulator excitation power circuit consists of 
a potential transformer, two current transformers shunted by a 
reactor and a rectifier whose output is connected to the exciter 
shunt field as shown in Figure 7, To obtain good voltage sensi- 
tivity for all load and service conditions, the three-phase respon- 
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sive voltage sensitive circuit.is added to the .excitation power. 
circuit through a three-winding reactor. 

The, basic excitation power circuit may be considered as. per- 
forming as follows: 

(a). The potential transformer provides. sufficient. voltage to 
maintain the required excitation on the A.C, generator at no load. 

(6) .As load. increases, the voltage drop across the current 
transformer, increases to supply additional excitation power to 
the exciter field to maintain the A.C, generator voltage. 

(c) For varying conditions of load and power factor this basic 
circuit will maintain A.C, generator voltage within a band of plus 
or minus 5 per cent. The required voltage sensitivity of plus or 
minus one per cent is obtained through the addition of the 
voltage sensitive circuit. 


CoNCLUSION. 


_In conclusion, it is desired to state that in spite of the relatively 
small physical size of a voltage regulator compared to the physical 
size of the generator which it controls, the voltage regulator 
plays an important and vital part in a ship’s service power system 
and therefore must.be given every attention in design and applica- 
tion. And while it may seem from the foregoing that great strides 
have been taken in the design and application of voltage regula- 
tors on Naval vessels, it is considered safe to assume that the 
next few years will see still greater improvements in the field of 
automatic voltage regulators. 
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*SHIP’S SERVICE STORE DEVELOPED 
FOR U. S. NAVAL VESSELS." 


By E. H: Honeccer.* 


+“A fighting man can find few luxuries on a destroyer 
cruising with the Tokyo-Bound Task Forces. One 
of the most important is ice cream, and our ice cream 
freezer is probably the most treasured piece of equip- 
ment we have.” 


' The installation of ice cream making smail 
naval vessels was a wartime development brought about by ‘the 
realization that the supply of ice cream was’a decided morale 
factor. This realization became apparent through the insistent 
and universal demands of the ships themselves, verified by an 
independent survey of forward area desires and confirmed by 
subsequent reports from the vessels receiving such. equipment. 

Prior to 1935 the installation of ice cream equipment was 
initiated by the commanding officer of the vessel and: procured 
from the ship’s own funds, Beginning in 1935:\equipment was 
specified and supplied by the government for large combatant 
vessels and consisted of a soda fountain, an ice cream freezer, 
necessary refrigerating machinery and: a 40: gallon capacity 


hardening cabinet with an additional 40 gallon cabinet permitted — 


for aircraft carriers. This equipment allowed ‘a maximum produc- 
tion, respectively, of 40.and 80 gallons of finished ice,cream per 
day. The material so specified was standard commercial with few 
modifications for shipboard installation and mw considerable 
field installation, labor and material. 

With the advent of war, supplementary icecream equipment 
was provided on the large combatant ships to keep abreast of the 
increase in vessels’ complements. Certain additional, classes .cover- 

ing large auxiliary vessels were also provided.with similar initial 
equipment. Due to the unprecedented time at sea of the operating 
vessels, the desire to provide dairy products.to, diet and ,the 
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realization of morale value of ice cream, authorization was issued 
in 1943 to equip smaller vessels including submarines. The 
quantity of material required for this program made practical the 
redesign of equipment more applicable for shipboard use. The 
accomplishment of this program covering the installation of ice 
cream making equipment on smaller vessels is reflected in Navy 
reports of monthly issues of prepared ice cream mix from a 
quantity of 387,000 pounds during the month of August 1943 to 
a peak issue of 5,525,000 pounds during the month of August 
1945. This issue during the final month of the war represents an 
approximate production of 2,762,500 gallons of finished ice cream. 
In designing and evaluating equipment required for the great 
quantity of surface vessels from 180 foot minecraft up through 
the largest carriers and battleships, certain, factors were evident 
for. consideration. 

a. Adequate sanitary production of ice cream from equipment 
selected in order to provide sufficient quantity of finished 
product for ships increased wartime complement plus sur- 
plus for issue to smaller vessels within the operating area. 

b. Flexibility of equipment to provide requirements of pro- 
duction with a minimum of sizes and models. 

c. Standardization of component parts to enable quantity 
manufacture of identical equipment. 

d. Simplification of installation to facilitate proper application 
with a minimum of field labor and material. 

e. Satisfactory design and construction of equipment to pro- 
vide trouble-free operation in extreme ambient a 
tures and battle shock conditions. 


The prepared Navy issue ice cream mix furnished to vessels is 
in powdered form and requires only the addition of water, In 
solution the liquid mix is equivalent to a fresh dairy product and 
requires a minimum of handling and a fast reduction in tem- 
perature to deter bacterial growth. The solution may be immedi- 
ately inserted into the freezer for such accomplishment and: the 
first step in the manufacture of the ice cream as indicated in the 
flow chart, Figure 1. 

The liquid ice cream mix is thoroughly whipped and partially 

frozen in the batch freezer for approximately 15 minutes to a 
temperature nearing 25 degrees F, then whipped to a ribbony 
consistency. At this point the partially frozen ice cream is re- 
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Ficure 1.—Ice Cream Propuctrion Frow CHart. 


moved from the batch freezer, packaged and stored in a low- 
temperature cabinet for completion of the freezing process which 
normally takes from 12 to 18 hours when packaged in ice cream 
cans. 

The ship’s service store equipment being presently furnished to 
U. S. Navy surface vessels is outlined in Figure 2. A minimum 
of sizes are employed, units are completely factory assembled 
requiring only field inter-connections and further simplified by 
duplication of component parts where possible and by the use of 
one size condensing unit. 

The condensing unit for freezer application is enclosed within 
the freezer cabinet with operating controls and gauges located 
on the control panel common to both freezer and condensing unit. 
Where the refrigeration unit is used solely for hardening cabinet 
or soda fountain application, the unit is separately located and 
provided with an individual control panel for bulkhead mount- 
ing. This adaptation permits interchangeability thus minimizing 
replacement parts and simplifying servicing and overhaul. The 
condensing unit is the air cooled type using Freon-12 as a refriger- 
ant and consisting of compressor, condenser, receiver, motor, 
V-belt drive and accessories, factory assembled on a fabricated 
steel frame. Flexibility of operation for off peak load demand is 
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Ficure 2.—ScHemMatic ARRANGEMENT oF Various Service STORE EQUIPMENT. 
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Ficure 3.—Ice Cream Batcu Freezer—Front View. 
(Courtesy General Electric Co. and Bastian Blessing Co.) 
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Figure 4.—Sopa Fountain 5 Foor Size (Ice Cuse Door Open). 
(Courtesy Bastian-Blessing Co.) 
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licure 7.—Ice Cream Batcu Freezer For SUBMARINE 
Appiication: (Access PANEL REMOVED). 
(Courtesy F. W. Lang Co.) 
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effected by the use of two speed motor giving: 50 per cent reduc-: 
tion in capacity, Condensers are provided with a condenser sur- 
face and air flow design to-permit operation under 120 degrees: 
F ambient temperature with an average condensing temperature © 
not exceeding 135 degrees F. 

The ice cream making equipment is provided in two’sizes vial 
daily capacity to make ice cream limited to the capacity of the 
hardening cabinets and time required to completely’ freeze® the 
product. The 2% gallon size consists of one self-contained 2% 
gallon batch freezer including condensing unit, and one 50 gallon 
hardening-dispensing cabinet. The 5 gallon size consists of one 
self-contained 5 gallon freezer including condensing ‘unit, two 80 
gallon hardening-dispensing cabinets and one condensing unit 
for operation of both cabinets. 

Batch freezer assembly. The ice cream batch freezer assembly 
is identical for both the 2% gallon and.5 gallon ‘units: except for 
size of freezer cylinder and freezer motor. The unit as pictured 
by Figure 3 is completely factory assembled requiring only, locat- 
ing, securing and electrical connecting for operation. The assembly 
consists of condensing unit located in the base of the cabinet with.. 
the freezer assembly and control equipment located :in. the .top 
section. 

The freezing chamber receives refrigeration, through.copper 
tube surface tightly wound: around a shell, bonded..to it and 
externally insulated and protected. The shell provides a: scrapping 


surface for the beater assembly which is V-belt driven by separate - 


motor. The removable beater. assembly located within the freezer: 
shell, provides mixing action to enable: rapid. reduction of ice» 
cream temperature and also by clutch action of. 
the semi-finished product. 


Hardening Cabinets. Hardening cabinets: are frirnished:j in 


sizes. The 50 gallon ice cream capacity cabinet ‘consists of -twe« 
sections of 30 gallons for hardening and 20 gallons for hardening 
or dispensing. The 80 gallon size is likewise partitioned:to provide 


a 40 gallon section for hardening of the ice cream ‘plus:'a40 


gallon section for hardening or dispensing. Each’ hardening 
cabinet is provided with separate refrigerant circuits and ‘controls 
for automatically maintaining both sections of each «cabinet)at 
-15 degree F for complete utilization of the hardening ‘capacity: 


of the cabinet or for maintaining one. section:at'+15 degree: 
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and the other section at 5 degrees F for a dispensing temperature 
in the: event that ice cream cans are used. Where maximum 
capacity of equipment is not required on smaller vessels the 
available dispensing section is adaptable for frozen food storage 
with existing separate control action dependent on service use. 
Each cabinet is complete with controls, valves and piping, factory 
installed up to shut off valves and ready for field connection to 
condensing unit. 

Packaging equipment. In order to maintain maximum produc- 
tion for daily demands of ice cream, specially designed packaging - 
equipment -was developed. This material, consisting of wire 
baskets and cup filling machines and cups, permits: 

a. Faster freezing in hardening cabinet: 

b. Full use of hardening equipment. 

c. 100 per cent issue of ice cream manufactured. 

d. Sanitary individual service. 

more palatable product. 

Previously the custom was to package ice cream in 5 gallon 
caus which required 12'to 18 hours to harden dependent upon the 
application of ‘the refrigerating equipment. With the use of 
paper cups this hardening period is reduced to 3 to 8 hours with 
the present plant since the surface of the cup has a greater ratio 
to the mass than a large container and since better circulation of 
cold air is possible around and thru the wire baskets. — 

When ‘cans are used it is necessary to relocate the cans after 
hardening into a ‘higher temperature compartment of approxi- 
mately ‘5 degrees F to sufficiently soften the ice cream to allow 
scooping. ‘This hand dipping process causes the loss of approxi- — 
mately 30 per cent of the volume of each can of ice cream due to 
compression caused by scooping thus forcing release of the 


whipped air within the ice cream which also results in a flat 


tasting product. While refrigerated space is used for dispensing, 
the hardening space is limited and production curtailed. The use 
of cups: allows full use of the refrigerated storage capacity for 
hardening production and permits 100 per cent issue of ice cream 
produced. The ice cream served in cups is sanitary until con- 
sumed; and more: palatable: since it retains its smooth creamy 
texture. Cup service retards’ melting in high ambient tempera- 
tures due to the ability to serve the cream at hardening tempera- 
tures. This feature is’ especially desirous’ during mess service 
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where ice cream is located on a hot mess tray for a considerable 
time before consumption, 

Soda Fountains, The soda fountain unit is supplemental to the 
ice cream machinery and is furnished only to the larger vessels 
and tenders where a minimum of equipment will serve a pro- 
portionately greater personnel. Each unit is self contained includ- 
ing carbonation equipment and requires only field installation and 
interconnection to utilities and condensing unit for operation. The 
10 foot fountain, is issued where space is available, while the 
5 foot fountain, a recent development, is provided where space 
is critical and to permit installation of multiple stations on the 
largest vessels where congestion of a single ships’ service space 
would be encountered due to limitations of the area and excessive 
personnel being served. 

The 10 foot fountain is an adaptation of commercially accepted 
arrangement with modification as to construction and with addi- 
tional new features including specially designed carbonation equip- 
ment. This soda fountain is arranged with a 40 gallon capacity 
ice cream dispensing section maintained at 5 degrees F, a 40 
degrees F miscellaneous storage section and refrigerated car- 
bonated and fresh water system for beverage dispensing at 
approximatly 45 degrees F. 

The 5 foot fountain illustrated in Figure 4 is provided with a 
40 degrees F storage compartment, an ice making unit and an 
identical refrigerated carbonation system. The ice making equip- 
ment is a decided new function for a soda fountain and is pro- 
vided to relieve the demand on ships store’s ice making plant 
since ice is required for counter dispenser and individual iced 
drink service. The two units are similar to ice cream making 
equipment in construction with identical interchangeable parts 
provided where possible. 

Soda fountains are normally supplied carbonated water by a 
separately located electrically operated paddle type agitator which 
admits CO. gas under pressure and pumps fresh water at tap 
temperature into a chamber where violent mixing takes place. 
This system is inefficient and results in a varying CO, content of 
the finished drink since high pressure CO2 vapor is necessary for 
satisfactory absorption when mixed with fresh water of a vary- 
ing high temperature as evident by absorption chart Figure 5. 

While the accepted desirable concentration of CO, gas is 
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between 3.0 and 4.0 volumes for a palatable drink, the absorption 
ratio must:be kept sufficiently high to counteract decarbonation 
due to line loss, heat gain, pressure release and syrup mixing 
before the beverage is consumed. It is also indicated that a con- 
stant low temperature fresh water will allow lower CO, vapor 
pressure for equivalent absorption. 

The carbonation system used on the Navy type soda fountains 
is shown by the schematic carbonator diagram Figure 6. The 
fresh water is pumped into the carbonator tank against CO, gas 
pressure with a maintained constant volume within the limits’ of 
the electrical float switch operation. The fresh water enters a 
refrigerated cooler: which reduces and automatically maintains 
the leaving water at a temperature of 40 degrees F for admission 
to the carbonator tank which is located within.the 40 degrees F 
refrigerated section of the fountain. The fresh) water is sprayed 
thru an orifice within the tank where absorption with CO2 gas 
readily. results at the reduced: temperature... 

Two. 15 pound.capacity CQ, cylinders. completely. factory con- 
nected are mounted on the end of the soda fountain to minimize 
piping and simplify field installation, One cylinder is used for 
stand-by service while the other is connected for operation. Pro- 
vision is made for recharging the cylinders from. existing. ships 
supply of COs, thus eliminating the need for surplus soda foun- 
tain CO, containers with the resultant traffic of ‘such cylinders 
to and from shore’ based: recharging stations, 

Control. The automatic operation of each: condensing unit is 
accomplished by means’ of low pressure switch: in the control 
circuit of the compressor motor which is actuated by) pressure 
changes within the suction refrigerant line. The'admittance of 
refrigerant to each cooling: circuit: except soda fountain water 
cooler is controlled by an electrical :solenoid: ‘valve, 

The solenoid valve in the freezer circuit is manually aeued 
by a toggle switch located on the control panel to permit the 
operator to control ice cream production. Other solenoid valve 
applications are automatically controlled by thermostat operation. 
The temperature of the water cooler used in the soda fountain is 
controlled by a back pressure regulator to maintain a constant 
cooler temperature to prevent the possibility of freezing the water 
within the cooler. 

Installation. The equipment is constructed to provide complete 
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factory assembly where practical in order to reduce necessary 
field labor and material. After the equipment is located aboard 
ship the car channels supporting the assembly are secured to the 
deck and refrigeration liquid and suction copper tubing is field 
connected between the shut-off valves provided on each unit of 
equipment where interconnection is necessary. The installed lines 
can then be purged of air by admitting a quantity of Freon-12 
under pressure from the unit. Upon closing the circuit and con- 
necting necessary electrical power connections the equipment is 
ready for operation. In addition to the refrigeration and electrical 
interconnections, the soda fountain units require water and drain 
connection to the terminal fittings provided and accessible from 
the end of the fountain enclosure. 

Submarine Equipment. Complementary to the equipment being 
furnished to surface vessels, a specially designed compact unit 
illustrated by Figure 7 was developed for submarine application. 
The unit is completely self-contained requiring electrical con- 
nection with provision being made for. removal of the finned con- 
denser to permit lowering the assembly thru the vessel hatch. 
The freezer unit is a vertical type with a capacity of 3 gallons of 
finished ice cream. After the ice cream mix is semi-frozen and 
whipped, the beater blade assembly is removed and the hardening 
process continued for approximately three hours until the cream 
approximates 5 degrees F. Under this method the ice cream is 
served directly by scooping from the mixing chamber. 

The air cooled condensing unit using Freon-12 as a refrigerant 
is a special assembly adapted to conform to the limitation of space 
with the compressor, condenser, receiver, motor and drive mounted 
on supports integral with the freezer enclosure frame. 

The construction, control-and operation of the unit is similar 
to that used on surface vessels. 
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THE U. S. NAVY’S FLOATING DRY DOCKS. 


This complete description of the various types of floating dry docks, which 
aided the Navy in a en its global war, was presented by Commander 
Werner Ammann (CEC) U.S.N.R., before the Louisiana Post of The Society 
of American Mili Engineers and the Louisiana Engineering Society. It is 
reprinted from the February 1946 issue of ‘The Military Engineer.” 


The Bureau of Yards and Docks, since its inception in 1842 by Act of 
Congress, has been charged with the design, construction, ration, and 
maintenance of the U. S. Navy’s shore establishments. One of the Bureau’s 
major phases has been, and is, the construction and maintenance of facilities 
for docking of ships. These facilities include marine railways, graving dry 
docks, and floating dry docks. 

During peacetime, docking facilities are required mainly for routine under- 
water maintenance of ships, such as cleaning, painting, checking shafts and 

ropellers, sea chests and intakes, with occasional underwater damage repair. 
Doras World War II the tremendous increase in number of ships, not only 
in the Navy but also in the Army and the Merchant Fleet, has been evident. 
In order to be prepared for the prompt repair of war-damaged ships, the rate 
of increase.of docking facilities had to be on an even greater scale. Time 
required in dock for ogee. and painting a battleship’s bottom is only two 
days, whereas repair of moderate hull damage runs into weeks or months. 
The then Chief of the Bureau of Yards and Docks, Vice Admiral Moreell, fore- 
saw, even long before our en into the war, this huge increasingly urgent 
need of docking facilities and he took action. Plans were prepared, funds 
allocated, contracts awarded, and construction started on additional dry- 
docking facilities: Emphasis at first was placed on facilities in the United 
States proper, particularly on large battleship size graving dry docks at the 
various Navy Yards, such as New York, Philadelphia, Norfolk, Mare Island, 
and Pearl Harbor. One large graving dock at Pearl Harbor was completed 
only two days before the Japanese attack and, fortunately, was not damaged 
in that raid, so the part that it played in rehabilitating the damaged battle- 
shige there can well be realized. 

n addition to graving docks, floating dry docks were constructed for use 
at commercial yards, ber - Navy funds. These floating docks gave flexibility 
to the program. If, as it later developed, more docking facilities were needed 
on the west coast or in the Pacific, these floating docks could be readily moved 
to new locations to meet the changing circumstances. 

After our entry into the war, the needs began to change, Additional mobile 
facilities had to be provided for docking all types of ships, from Motor Torpedo 
boats to the big Zowa class battleships then being constructed. Also, the Navy 
Department. was assigned the task of repairing and maintaining the ships of 
the Army and Merchant Marine in addition to those of the Navy. This meant 


that an unprecedented increase in docking facilities had to be provided, not 


only within the contirental limits of the United States, but at advanced bases. 
Emphasis was, therefore, shifted to, and construction further accelerated on 
the floating dry dock program. In addition to the advantage of mobility, the 
floating dry dock as compared with the graving dock can be constructed in 
less time and can be operated at locations where foundation conditions pre- 
clude construction of a graving dock. On the other hand, maintenance costs 
of floating docks are greater, and their expected length of life less than those 
of graving docks. 


Basic PRINCIPLES AND TyPEs oF FLoatinG Docks. 


For those not familiar with a floating dry dock, a brief description of its 
general principles is presented. Basically, it consists of a pontoon into which 
water is admitted for submergence under a ship. The water is then pumped 
out, its buoyancy lifting the ship clear of the water. Sidewalls are required 
to prevent the pontoon from sinking out of control once it is completely 
submerged. The most usual design today is a ‘‘U” or trough-shaped dock. 
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Floating dry docks are not new structures. A number of them were con- 
structed and. placed in operation in Germany, \Great Britain, and other 
countries in the last century. The U. S. Navy began. using them about 1850, 
but they never played the significant or strategic role that they did duri 
the last war. In that respect the floating dry dock can be considered one 
the new weapons of World War II since it enabled our fleet to be maintained 
and pala y at mobile advance bases close to the scene of action. 

There are two general classifications of dry, docks: built by. the Bureau of 
Yards and Docks: first, the non-military type, for home use, constructed as 
simply as possible and depending for power, compressed air, and other facilities 
on shore supply; second, the military type, for overseas use, having self- 
contained power plant, and being equipped with various shops, officer’s and 
crew's quarters, messing facilities, storage, reefer and office spaces, antiaircraft 

uns, sick bay and other facilities—in fact, a combination of floating ship and 
Navy Yard. 

There are many types and sizes of floating docks, with Navy designations 

almost as numerous as those of Landing Crafts. 


The AFD, Auxiliary Floating Dock; is a small, single-piece steel ‘‘U’’ dock 
with lifting capacity of 1000 to 1900 long tons, generally constructed as a 
military type. It is designed for docking mine, patrol, and smaller landing 
craft and destroyer escorts. Quonset huts are used as crew’s quarters while 
under way and at location will be placed ashore or onto barges alongside and 
utilized as shops and crew's living facilities. _The pontoon is constructed with 
faired bow and stern to facilitate towing. It is a mobile type dock since it 
can be placed in operation shortly after arrival at its base. Its power plant, 
pumps, and other operating machinery are located in the upper portion of the 
wing walls in the so-called safety compartments. The dock’s ballast tanks 
are in the lower portion of the wing walls and in the pontoon. The primary 


-function of the safety compartments is to prevent complete sinkage of the 


dock when the dock's ballast tanks are completely flooded. 


The ARD, Auxiliary Repair Dock, is a oR in orgs: steel dock with a lifting 
capacity of 4000 tons. It has a ship-like hull with closed’ bow and stern gate 
to form a closed docking basin. It docks destroyers, submarines, and LST’s 
(Figure 1). The ARD is a very mobile type dock and practically all of them 
have been constructed as military docks. Due to its mobility. and general 
usefulness in docking all ships up to and including destroyers, it is usually the 
first type to reach advanced bases, and consequently it has had its share of 
bombing and strafing. On its initial outward trip it is used as.a freight and 
small ship carrier, The dock is equipped with two 10-ton revolving gantry 
cranes for servicing the dock and ship in dock. Experiments-have been made 
with the ARD for performing dockings at sea. Ordinarily a floating dry. dock 
is designed for operation in a protected harbor where seas and ground ‘swells 
are small. At sea the roll and pitch of the ship are not the same as’ those of 
the dock and the problem is to dampen any relative motion between them at 
the time the ship’s keel is ready.to land on the dock’s blocking. Experiments 
have been made with large hydraulic shock-absorbing keel and bilge blocks. 
By their use successful trial dockings at sea have been performed, ‘but further 
trials and improvements along these lines are contemplated. This will open 
up a new field for the floating dry dock where it will travel with the auxiliary 
service fleet or even with the battle fleet for on-the-spot emergency aid. 

The ARDC, Auxiliary Repair Dock Concrete, is a .2890-ton capacity single- 
piece concrete dock designed for both home and. overseas use: | (Figure.2.); It 
is similar in outline, though larger than the AFD steel.docks,.: Its, hull: walls 
and bulkheads are made of approximately 6-inch-thick normal aggregate ‘con- 


crete. It is less efficient than a steel or timber dock as regards. its lifti 


capacity ratio to its dead weight. However, it. was designed, to save criti 

steel, and has proven a successful small dock, requiring.a minimum. of hull 
maintenance work, and able to stand the pounding and istresses of heavy-seas 
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The YFD, Yard Floating Dock, includes a.wide variety of types, as follows: 

a. The 1000-ton to 5000-ton single-piece timber docks (Figure 3). 

b. The 6000 to 20,000-ton sectional timber docks. This brings up the self- 
docking feature in floating dry docks, that is, a dock so designed that parts 
or sections of it can be docked in the remaining portion of the dock. The 
sections of the sectional timber docks are connected to each other by locking 
logs for transferring shear only, since they give practically no overall bending 
strength to the dock. For docking of a section, locking logs are removed, the 
section turned 90 degrees and brought into the submerged portion of the 
remainder of the dock. 

c. The 16,000-ton special Kennie type dock, “‘U” shaped, with steel wing 
walls and timber pontoons bolt-connected to the-wing wails. It has the advan- 
tage of longitudinal strength and ease in self-docking. For self-docking a 
pontoon, the connections to wing wall are removed, the pontoon lowered, 
slipped out endwise and brought into submerged remainder of dock. 

d. The 14,000 to 18,000-ton three-sectional steel docks for docking light 
cruisers, transports, cargo ships, tankers, hospital and similar type ships. It 
is a trough-shaped dock with long center section and two short end sections. 
The end sections are capable of docking the’center section and in turn can 
themselves be docked in the center section (Figure 4).. For towing to forward 
areas the end sections are cradled and secured within the center section. A new 
feature is incorporated in this dock, a so-called buoyancy compartment in the 
center of the pontoon, directly under the keel blocks. “Its purpose is to provide 
greatest buoyant force at the location of greatest ship load, thus producing 
lesser transverse bending moment in pontoon and lesser differential water 
pressure on wing wall plating and framing. 


Finally, the ABSD’s, the Advanced Base Sectional Docks in two sizes; a ten- 
section steel dock with a total lifting capacity of 100,000 tons for docking of 
battleships or large liners like the Queen Mary or the Queen Elizabeth, and a 
seven-section steel dock with a total lifting capacity of 56,000 tons for docking 
heavy cruisers, including the new Alaska type battle cruisers, aircraft carriers, 
and the smaller, older class battleships. h section of these sectional docks 
is complete in itself as far as electric power, salt water, compressed air; crew’s 
messing and bunking, and other facilities are concerned, so that it can be towed 
to an advanced base as an independent unit. Furthermore, the sections 
being practically alike, are interchangeable. Thus, in case of loss or serious 
damage to any sections, the dock can operate with less than the requisite 
number of sections, The pontoon ends of each section are faired for ease in 
towing. The wing walls are built in, or jacked down to the lowered position 
to give greater stability and lesser wind area presentment during tow. The 
towing vessel is either a seagoing tug or a Liberty ship. If the Liberty ship 
does the towing, it, at the same time, transports materials and equipment 
that will be used by the dock in ship repair work. 


CONSTRUCTION. 


The various sections are constructed in yards on both the Pacific and Gulf 
Coasts. Some sections have been built in the Pittsburgh area, towed down 
the Ohio and Mississippi Rivers to the Gulf of Mexico, and from there been 
taken via the Panama Canal to advanced bases in the Pacific area. The 
sections of any one dock are not usually built in the same yard. For instance, 
the ten sections ‘that were first rp tek were planned for making up the 
complete ABSD-1.' This dispersal of construction resulted in completion of 
the first dock in’much shorter time. 

The cost of the sectional docks runs in the neighborhood of about $3,000,000 

section complete, or a ‘total of about $30,000,000 for the battleship dock.. 

ut, if it can save or help save a $100,000,000: ship, not to mention repairing 
and maintaining hundreds of ships close to the fighting front, getting them 
back into action weeks and months sooner than if they had to make a trip 


vack to Pearl Harbor or the West Coast, thus materially shortening the war 
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Ficure 4.—Center Section or An 18,000-Ton Turee-SEctTIONAL 
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the cost is justified. Furthermore, they will all have peacetime usefulness in 
docking merchant and eee ad ships. The Bureau’s total investment. in 
floating dry docks is about $450,000,000. Great credit is due to the designers 
of these docks. The Bureau laid down the basic design requirements for all 
types of docks and, further, it completely designed some types. The consulting 
engineering firm of F. R. Harris, Inc., at New York was the designer of the 
ABSD’s, the three-sectional steel YF D docks, timber docks, and other types. 
Great credit is also due the contractors and their workmen, to their panini ¢4 
and will to push to completion in the face of difficulties. One of the stipula- 
tions laid down for this dry dock construction program was that it must not 
interfere with the Navy's shipbuilding program. For that reason contractors 
like the Chicago Bridge and Iron Company were chosen. Construction sites 
were chosen, tfkce Morgan City, Louisiana, in order to utilize labor not other- 
wise engaged in vital shipbuilding or other war industries. This meant training 
of contractors and men who had not previously been engaged in shipbuilding, 
but they soon learned and admirably met the challenge, 


Tow1ncG, ASSEMBLING, AND OPERATING. 


Since I was directly attached to the U.S.S. ABSD-1, the first of the large 
sectional battleship docks, during its towing, assembling, and.operation period 
for about two years, I shall here describe in narrative form and in greater 
detail the work involved in assembling the dock and mention a few. of the 
incidents that occurred during that time. 

After completion of construction, the floating dry docks that are destined 
for forward areas, are turned over to the fleet as commissioned ships of the 
Navy. They are commanded by a Naval Line Officer and operated by officers 
and enlisted personnel of the Navy. 1 was assigned to the U.S.S, ABSD-1 as 
Maintenance and Dock Control officer, During the early days of getting the 
ABSD-1 ready to put to sea, the following were some of the jobs. that hac 
to be performed by the officers then assigned to the ABSD-1: 


a. Study the plans and specifications at the designer’s office and make 


recommendations for any necessary changes that could be performed without 
delaying construction. 

b. Make list of, and check on procurement of auxiliary equipment, tools, 
and materials required for outfitting, assembling, and operation of the dock. 
This included such items‘as binoculars, weld rods, barges, tugs, bolts; nuts, 
crawler cranes, and thousands of other items too numerous to mention. 


¢. Organize the ship’s officers and crew into departments and divisions. The 
enlisted men were disicde: from the Floating Dock Training Center at 
Tiburon, near San Francisco, This training center was set up for the purpose 
of training floating dry dock personnel. ‘However, further instructions and 
training were given them in connection with their particular duties on the 
ABSD-1. The battleship sectional docks have a complement of about 30 
officers and 750 enlisted men. 

d. Make submergence, wing wall raising and machinery, and equipment 
tests. : 


In June of 1943, I was sent’to Morgan City, Louisiana; to take charge of 
the two sections of the ABSD-1 leaving from there. The other eight sections 
were to proceed separately from San‘ Francisco. ‘Then came our final frantic 
efforts to-complete construction of the sections, stow all’ necessary gear and 
equipment, secure them for sailing, provision them for three months at sea 
and make final convoy, towing, and signaling arrangements. 

One of our first worries was getting over the mud flats’ of the lower Atcha- 
falaya River to deep water in the Gulf of Mexico.’ Theichannel at its narrowest 
and shallowest section was only 100 feet wide by '8 feet:deep at mean low 
water: Since our sections drew more water than that, it-was necessary to get 
over the shallow section quickly at high tide. Even se, the small inland tugs 
that towed us to the Gulf churned up mud continually and got partially stuck 
several times. At deep water in the Gulf we were met by the ocean-going 
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tugs and escort vessels. Our new tow was made up and we got under way 
on our long vn 

Upon arrival at Panama our queer looking ship apparently caused consider- 
able speculation. We received a signal from one of the patrol crafts asking 
‘What is it?” to which we replied, “New secret weapon.’ 

In the Pacific our trip was fortunately practically without incident. For a 
period of thirty days we saw neither land, plane nor ship other than those in 
our convoy, which is believed to be quite a record in these days of fast travel. 
Some storms, though none of great severity, were encountered. In moderately 
heavy seas we rolled about 30 degrees, and since the sections are flat bottomed 
and very stable the roll was stiff and quite rapid. 

Our final destination proved to be one of those beautiful coral lagoons in 
the South Pacific that one reads about. The waters in the bay were a deep 
blue and clear enough so one could see bottom in 40 to 50 feet. The waters 
contained thousands of multi-colored tropical fishes and coral formations, and 
the bay was surrounded by sandy beaches and cocoanut groves. However, this 
beauty palled on us the longer we had to stay there. 

Our first job out there was to remove all topside equipment and make other 

eparations for wing wall raising. The wing walls were then raised, section - 
by section, into the upright position by means of two long steel jackin 
columns with 500-ton hydraulic jacks at their base. Figure 5 shows details o 
this jacking equipment. Raising was accomplished by jacking one column the 
length of the Sthace between pin holes, lowering the second column, pinnin 
off second column at its connection to the a wall, and then jacking wi 
second column. This cycle was continued until the center of gravity of the 
wing wall passed over the base hinge. From there on the wing wall was moved 
into its upright position by a second set of smaller jacks engaging a tension 
harness. The wing wall was then secured to the pontoon by 2-inch diameter 
bolts spaced at 12-inch centers around the periphery of the wing wall. 

After the first section’s wing walls were raised, it was moved to its final 
location and secured to the mooring anchors and chains. Thereafter, as the 
wing walls on each subsequent section were raised, it was brought alongside 
the assembly, flooded or pumped to correct alignment and splices made. The 
connections between sections consist of 134-inch splice plates engaging 2-inch 
keeper plates at the tops and bottoms of the wing walls. These keeper plates 
can be seen in Figure 6. The splice plates were erected by means of hand- 
operated 1-ton stiff-leg cranes especially provided for this purpose. The splices 
were first bolted to kill any motion between sections and then fillet welded to 
the keeper plates There are no structural connections between adjacent 

ntoons, thus the sectional docks in their assembled condition become a 
Rennie type dock. The connections between the wing walls were designed 
to give the dock a total moment strength of 500,000 foot tons and a total 
inter-section shear strength of 8000 tons. This design moment strength was 
chosen at about 25 per cent of the moment strength of the largest battleships 
to be docked. At first it was considered necessary to design these docks for a 
moment strength practically equal to that of the largest ships, on the basis 
of having to dock such ships in a battle-damaged condition, where they had 
practically lost their moment strength.. This would have meant an unwieldy 
and very costly wing wall and wing wall connection design. In view of the 
above and the urgent necessity of completing the docks in the least possible 
time, and on the basis of proper dock flooding and pumping and proper 
deflection control during these operations, the lesser moment strength desi 
was decided upon. In actual operation the docks proved to be comparatively 
flexible, but under pes operation and control the overall deflection could 
readily be kept within plus or minus 3 inches in the “4 of the dock (827 
feet). This is well within the general requirement of not deflecting a ship more 
than 1 inch per 100 feet of length. A:3-inch deflection in the length of the dock 
produces an extreme fibre stress in the wing wall splices of about 3500. pounds 
per square inch; in other’ words, an overall! deflection of 18 inches would not 
produce stresses beyond the working allowable. If necessary to dock a ship 
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with such battle-damage as to be almost lacking in dome walneal strength at 
point of damage, the overall deflection of the dock could be kept within plus 
or minus 1 inch by slower than normal operation of the dock. The sectional 
dock as designed has, therefore, proven itself more than adequate to meet all 
strength, stability, and stiffness requirements. : 

As assembly of the dock proceeded, additional moorings were laid. The 
completed dock was moored with thirty-two 15-ton anchors and 3-inch. cast 
steel chain. It was moored in epprocontey 30 fathoms of water with its 
longitudinal axis in the direction of the prevailing wind. 

he crane transfer operation incident to dock assembling was interesti 
and fraught with some hazard. During sailing the two cranes were secu 
on the pontoon deck of two of the sections, Upon arrival at location these 
cranes were operated while in this position on the pontoon deck of their 
respective sections, thus greatly aiding in all the multitudinous weight- 
handling jobs. After several sections were assembled with. their wing walls 
in the upright position the cranes were transferred to the wing wall 
This was accomplished by the following steps: (a) Flooding the partial assem- 
bly until its wing walls reached same elevation as pontoon of crane sections, 
(b) bringing crane section alongside submerged mney and securing it there 
by special prestressed cables, (c) installing special rail links across gap, (d) 
transferring crane using its own travel power, (e) disconnecting previous crane 
section and, finally, (f) up partial assembly. 

Total time to assemble our k was about 3 months. Later docks, due 
to experience attained with the first one, took from 2 to 244 months, 

In these sectional docks there is a buoyancy compartment in the center of. . 
the pontoon that has the same purpose as the buoyancy nb previ- 
ously described in the three-piece steel YFD type dock. However, in the 
sectional docks this space is utilized for fuel oil and water storage, for housing 
the dock’s machinery including diesel engines, generators, pumps, boilers, 
evaporators, and auxiliary equipment, and for the crew’s living and. messing 
quarters. Normally, when the dock is in the up position, access to the buoy- 
ancy compartment is through hatches and scuttles on the pontoon dec 
During submergence these hatches and scuttles are closed and access to the 
buoyancy compartment spaces from the wing wall deck is had down vertical . 
circular stairways within the wing walls and through passageways within the 
pontoons. The safety compartment spaces in the tops of the wing walls are 
utilized for the ship’s offices, officers’ wardroom and quarters, sick bay, crew's 
recreation facilities, refrigeration and storage compartments, machine, ship- 
fitter, sheet metal and carpenter shops, and other facilities. Due to the fact 
that the \ving walls were in the down position during sailing, practically all 
of the facilities in the baa. i spaces had to be constructed and installed by 
our ship’s force. This took a long while since the work was made secondary 
to ship repair work. 

As previously mentioned the dock is comparatively’ flexible, and. since 
extremely heavy ship loads and buoyant forces had to be dealt with, measures 
had to be taken to. prevent excessive dock distortions during operation; that 
might be injurious to either the dock or the ship in dock. Fundamentally, 
the problem is simply to pump each section, such that. the upward buoyant 
force of that section equals the portion of the ship load’ on. the section, during 
all stages of pumping. If that is done there. will be no shear.or moment 
transfer between sections of the dock, or pate of the ship, Previous to docking 
a ship, pumping calculations are made based on the principles stated above. 
However, as.a secondary check to insure prevention of; large deflections, 
particularly since at first the tank water level indicating system was not 
completely reliable, a deflection control system was installed on the dock. 
Vertical and horizontal sighting battens or targets were installed on each 
section of both wing walls, and an engineer's level was set up on the top of 
both wing walls at the head of the dock.. By setting the cross hairs .of the . 
level on the target at the after end of the dock, vertical and horizontal deflec- 
tions of the intermediate sections were continuously read through the telescope 
of the level. Sensitive list and trim indicators in the control, house gave 
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information as to changes in list and trim during pumping. Two cruisers or 
two cargo ships whose combined overall length is so great as to prevent them 
from being docked on the longitudinal centerline of the dock, could be docked 
by offsetting the forward ship to port and the after ship to starboard, or 
vice versa. This, however, required differential pumping between port and 
starboard sides of the dock. Since the dock had very little strength for 
resisting torsion about its longitudinal axis, a system for detecting any undue 
torsion had to be eet ee This was done by installing a list indicator on 
the after end of the dock, and by taking simultaneous readings on forward 
and after list indicators; any difference between the two gave a measure of 
the overall dock torsion. Intermediate torsion was detected by readings on 
the horizontal and vertical deflection battens. Offset docking of two cruisers 
and other ship combinations has been successfully performed, by use of the 
above control system. 

Self-docking of any of the pontoons of the large steel sectional docks can 
be accomplished by removing the 2-inch bolts connecting the pontoon to the 
wing walls, lowering the pontoon several feet for clearance, moving the pon- 
toon out end-wise, and finally docking in the remaining portion of the dock. 
The self-docking feature of floating dry docks is, of course, more important in 
the larger type docks, since the smaller docks can be docked in the larger float- 
ing or graving docks for underwater repairs or maintenance. During the 
present war all the docks have been so busy performing their primary function, 
that it has not been possible to do any self-docking other than for emergency 
cases. However, for later peacetime maintenance the self-docking feature for 
larger docks will be of great importance. 


CONCLUSION. 

In conclusion I would also like to acknowledge the deserving credit due the 
enlisted men of the Navy who were attached to the dry docks, for their part 
in the assembling and operation of these docks. Due to their persevering 
and enthusiastic work at all times of day or night in the face of adverse 
weather and other conditions, they made it possible to get battle-damaged 
ships back into fighting condition quickly. Thus, the all important part 
played by these dry d in World War II was due to the co-operative efforts 
of their designers, constructors, and operators. : 


THE FUTURE OF THE BATTLESHIP. 


This short article from the “Journal of the Royal United Service Institution” 
was prepared by Lt. Comdr. D. R. Webster, R.N., furnishes food for thought 
on the design of future battieships. 


In past wars, and indeed at the inning of the present war, the hitting 

— which formed the indispensable basis of sea~-power was provided by the 

ig guns of the battleship. ‘These units were the most valuable part of the 

Navy and the final arbiters of action between fleets; all other units were 

auxiliary to them, and designed either to assist our battleships to come to 
ips with the enemy or to frustrate or injure those of the enemy. 

| be importation of ‘the air arm into naval warfare in general, and moze 
particularly into naval actions, would seem to call for reconsideration of both 
the role and design of the battleship. Judging from reports of such actions 
in the Pacific, they have been fought and won without any contact whatever 
between the ships of the opposing fleets. On both sides the air arm supplied 
the hitting power which in earlier wars would have been provided by the 
guns of the battleship. 

The aircraft carrier, as the base from which this striking power ates, 
has thus developed from being an auxiliary to the bat ip into the chief 
instrument of destrxction, and as a logical consequence the most valuable 
unit of the fleet. The protection of these valuable ships now becomes of first 
importance, more especially since by reason of their role and design they are 
themselves very vulnerable. Obviously, since close contact with the enemy 
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surface forces is unlikely to take place, protection from the chief menace— 
the air, is the problem. How is this to be achieved? 

At present the only really effective means of protecting a ship from air 
attack are fighter aircraft and gun-fire, including rocket-guns. carriers 
themselves can, it may be aruged, supply both. They can, but interception 
of every enemy aircraft and its destruction before it has made its attack 
cannot be relied on, while the protection afforded by the guns is limited. 
The limitations are two-fold, first because no carrier can carry enough guns, 
secondly because for protection against high-level bombing the close vicinity 
of the target itself is the least suitable site for the guns designed to prevent 
the attack. Gun attack on the os cafes bomber, to be effective, must be 
made beyond the point of bomb-release, before and during the run-up to the 
target. In other words the guns need to be from four to twenty miles from the 
pe which they are protecting. It follows that what ‘is required is a number 
of floating A.A. batteries. 

There are already in existence A.A. light cruisers which act as-protection to 


the larger units, but the number of guns which they can carry is not great, « 


and they suffer from the disadvantage of being themselves very vulnerable 
even to a near-miss. What of the battleship redesigned as a floating AA. fort? 
With the removal of its big guns a considerable space and a very great tonnage 
would become available for increased heavy A.A. armament and increased 
deck armor. Such a ship would have guns enough, not only for her own close- 
range protection, but also to be able to break up a formation of high-level 
bombers on the run-up to their target: The’ protection afforded would be 
infinitely superior to anything now available, while this A.A. fort would be 
as little vulnerable as is the present battleship. 

It may be asked why stress is laid on high-level bombing and the consequent 
suggested need for increased heavy A.A. armament. It will be augued that 
nearly all the ships sunk by naval aircraft have been sunk by dive, or torpedo- 
bombers, and that, since battleships now carry enough short range weapons 
to cope with such attacks on almost any scale, there can be no reason for 
removing the big guns, which may come in useful, and for fitting more heavy 
A.A. guns. In the writer’s view losses to the Japanese in dive, and torpedo 
bombing attacks have recently been so severe that they, and other navies also, 
will be compelled to revert to high-level bombing. That. this will demand, 
heavier bombs carried by a os aircraft flying from bigger carriers. is true, 


but it seems an inescapably logical AeA unless some entirely new 


means of sinking armored ships can be devised. 
The tactical need noted in paragraph 4 for heavy A.A. guns to be located or 
sited at a considerable distance from the target which they are to defend intro- 


ducesadilemma. Either the floating batteries must be provided in large num-. 


bers or else they must be brought in nearer to the target than is desirable. | If 
this is not done, then there will be considerable gaps in the gun defense through 
which enemy aircraft can approach. Since it is unlikely that battleships of 
the 35,000-45,000-ton classes. can ever be provided.in sufficient numbers, it 
thus becomes necessary to consider the future design of the. battleship not 


only as regards type of armament but also as regard, size. The tequirement . 


can best be put in the form of a question, ‘‘what is the lowest. ton required 
to provide close-range A.A. weapons on the same scale. as carried. by existi 
45,000-ton hetieenipe plus long-range A.A. guns 100 per cent in excess 
those now carried while retaining existing speed and armor protection?” To 
the writer it seems probable that the answer will be found ‘to lie between 
24,000 and 30,000 tons. 


Two possible objections to the pro design of battleship for this role 


come to mind. First there is the possibility that a fleet at sea in really hea 
weather and with no big-gun battleships might be met by an enem ; 
big-gun Sy brag 9 in which case it would stand little chance of making a 
successful fight. Is 

big-gun battleship in its present form? Is it not probable that developments 
in the size of aircraft carriers, and the consequent increase both in the size of 


the flight-deck and in the steadiness of these ships in a sea-way, will so limit 


this such a likely contingency that it is vital to retain the _ 
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the occasions on which take-off and landing-on are quite impossible as to make 
such a contingency extremely remote? Already, experience with escort car- 
riers in. the Atlantic has shown that with skill and patience it is possible to 
fly-off:and land-on in weather which would formerly have been thought so 
bad.as to make it impossible to do either. 

-The second objection is that without the big-gun battleship the Army 
would be deprived of one of the most vital forms of naval co-operation before, 
during and after an assault landing on a defended coast. This would be the 
case unless the place of the battleship were taken by some other class of ship 
designed: specifically for such a role, as is the monitor. 

This short paper is only an attempt to focus and crystallize thought on the 
subject. Since a mistake in a matter of such moment would be well-nigh a 
national disaster, conservatism becomes almost a virtue: Nevertheless the 
writer feels that. the considerations outlined above merit examination. This 
in his view, is the more urgent since the conclusion of the war will almost 
inevitably; as in the past, lead to financial starvation and doctrinal stagnation 
in the Naval Service. 

The questions to be answered are: 

(1) Is.this statement of the new primary role of the battleship a correct one? 

(2). Does. the design suggested follow logically from this role? 

(3) If.so, are the objections to it sufficiently weighty to qualify or limit its 
adoption in, practice? 


DIESEL ENGINE BEARINGS. 


This abstract of a paper by L. M. Tichvinsky, read before the Oil and Gas 
Power Division of the American Society of. Mechanical Engineers, is repro- 
duced from. the October 1945 issue of the ‘British Motor Ship.” 


The object of this paper is to describe common Diesel-engine bearin 
operation and failures, to set forth methods of progressive inspection o 
bearing failures, and to indicate rational bearing-maintenance methods, 


OPERATION OF DIESEL-ENGINE BEARINGS. 


Maximum Diesel-engine bearing pressures are quite high because of high 
cyclic loads. The operations of piston pin, connecting rod and main bearings 
of a Diesel engine differ and depend on the type and magnitude of loading. 

Piston-pin Bearings—Maximum pressures are very high and might be of 
the order of 6000 pounds per square inch. They are due to we peak forces 
in conjunction with comparatively small bearing’ diameters. The loading is 
due primarily to gas and inertia forces. Because of a swinging or rocking 
motion of the connecting rod, the load acts over a small arc of the bearing 
circumference, spanning approximately plus or minus 15 degrees. The lubri- 
cating-oil temperature is rather high, because it is usually supplied through 
the main and connecting-rod bearings successively. Piston-pin surfaces are 
vi hard, approximately 60 Rockwell C hardness at 150-Kg. load. Their 
pl? Ms often chromium-plated, are very smooth, below 10 micro-inches. The 
piston-pin bearings are designed with small clearances, and successful opera- 
tion depends greatly upon the damping properties of the lubricating oil. 

Connecting-rod Bearings.—Maximum pressures in this case are also very high 
and may reach values of 0 ap dg 3000 pounds per square inch. The 
loading of the connecting-rod bearings is due to gas, inertia, and centrifugal 
forces. The upper shell supports most of the load in a two-cycle Diesel engine, 
while in a four-cycle Diesel engine both the upper and the lower bearing shells 
carry considerable load. Connecting-rod bearings are better cooled than are 
main bearings as a result of the ventilation produced by the rotation of the 
crankpins, The lubricating oil is usually supplied from the main bearing, being 
forced through the oil groove and the inclined bores of the crankshaft. Crank- 
pin surface hardness varies from 200 to approximately 350 Brinell and depends © 
on the bearing material hardness. The surface finish of the crankpins should . 
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be as smooth as practicable. These bearings are designed with clearance ratios 
varying from 0.0007 to 0.0015 inch per inch of diameter. Smaller values are 
used in four-cycle Diesel-engine bearings. 

Main Bearings.—Maximum pressures are. moderate and may reach values 
of approximately 1500 pounds per square inch. The loading of these bearin 
is due to gas, inertia, and centrifugal forces, The lower bearing shell is usually 
more highly loaded than the upper. These bearings are lubricated with cool 
lubricating oil direct from the heat exchanger and, header.’ ‘Main-journal 
surface hardness is the same as that of crankpins. These bearings are designed 
with clearance ratios varying from 0.0008 to 0.0015 inch per inch of diameter. 

Other Diesel-engine Bearings.—Camshaft, gear, pump, and auxiliary machin- 
ery bearings, which operate as power bearings, are not heavily loaded and 
cause very little trouble when properly lubricated. 


COMMON DIESEL-ENGINE BEARING FAILURES. 


Failures may be caused by one or more of the following :— 

. Fatigue of bearing metal under high cyclic loads. 

. Excessive or insufficient hardness of the bearing material. 
. Corrosion of the bearing metal by the lubricating oil. 

. Inadequate bond between bearing metal and bearing shell. 

. Forejgn particles. 

. Miscellaneous, such as defective manufacture, extrusion, wiping, etc. 


Fatigue Fatlures.—F atigue failures in heavy-duty bearings are usually pro- 
duced by the cyclic peak loads and improper or loose fits of the shells in their 
housings. This means that a definite bearing area is pounded by the peak load 
every cycle, and if the physical properties of the bearing material, such as 
compressive strength and brittleness, are inadequate, fatigue failure may 
follow. Numerous small cracks, of mosaic pattern, on the bearing surface 
are the first indication of fatigue distress. With time, and under additional 
pounding, the cracks will increase in number and size.. The depth of these 
cracks also will increase and may penetrate the entire bearing-material thick- 
ness, thus reaching the irizely & shell. In such cases, some sections of the 
bearing material may be lifted by the high hydrostatic oil pressure, resulting 
in a partial loss of the bearing surface. 

Not every bearing which shows fatigue failures should be replaced, A bear- 
ing may be replaced if fatigue failure has reduced its effective bearing area 
by more than 10 per cent. Bearings with fatigue failures should be'carefully 
inspected, and if it is considered that they may continue to operate, all shar 
babbitt edges around the failures must be rounded by a scraper or a sesea 
electric iron.in order to. prevent any additional breaking off of. the babbitt. 
Inspections of such bearings are necessary in order to ascertain that the failures 
are not progressing. ' 

Hardness of Bearing Materials.—The chemical specifications of several 
heavy-duty Diesél-engine bearing materials are given in Figure 1. Bearing 
materials should conform.closely to these specifications. The Brinell hardness 
of cadmium-base, coppeér-lead base, and tin-base bearing materials is plotted 
against temperature in Figure 2. Since the Brinelt hardness is proportional 
to the compressive strength, this graph is doubly important. 

The region of temperatures of particular interest is between 200 and 300 F., 
indicated by the double-ordinate lines.. The.cadmium-base alloys are rather 
hard at room temperature and rapidly lose their physical properties with 
increasing temperature, as indicated by the steep curve. The copper-lead 
mixtures. retain..their hardness and physical properties almost unchanged in 
the region of temperatures plotted. In the group of white bearing metals, com- 
prising Satco, tin-base and: lead-base babbitts, Satco possesses the highest 
physical properties at elevated temperatures. 

The trimetal or “sandwich-type’”’ bearing is composed of a 0.006 to 0.008 
inch thick layer of tin-base or lead-base babbitt bonded to an approximately 
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— Ane: thick intermediate layer of bronze, which, in turn, is bonded to a 
steel back. 

Too hard a bearing material may score the journal surface, while too soft 
a material may yield under the bearing pressure. 

Corrosion of Bearing Alloys.—Corrosion of bearing materials is due to 
chemical action of oxidized lubricating oils and can usually be identified by 
rough and pitted surfaces. In most cases corrosion occurs over sma!l areas 
of the bearing and is associated with high localized temperatures. 

In one instance, corrosion of Satco occurred over approximately 50 per cent 
of the bearing area during the first 24 hours of operation of the bearing. It is 
believed that this corrosion was produced by a small amount of sulphuric acid 
which formed in the crankcase when sulphur trioxide from the fuel mixed with 
water condensate while the engine was secured (shut down): 

Corrosion of a cadmium-nickel bearing was recorded during a pre-trial 
inspection. Since the most intense corrosion occurred next to the copper- 
deposited flange, it is believed that copper might have acted as a catalyst 
during the initial running-in period, for the bearing was reinstalled and 
operated in the engine for a total of 2258 hours without any additional 
corrosion. It is believed that the corrosion was due to the ce of foreign 
matter between the bearing back and housing, resulting, initially, in a local 
decreased bearing clearance and a local temperature rise. 

Tin-base babbitt, which has very high corrosion resistance, is usually called 
a non-corgosive babbitt. However, under unusual and adverse conditions it 
may corrode. 

use of corrosion, the bearing load-carrying surface may be considerably 
decreased. This may require replacement of the bearing especially if the 
effective bearing surface becomes reduced to such an extent that wiping occurs. 

Bond Strength Between Bearing Lining and Shell.—Poor bond between the 
bearing lining and the shell metal is a rather frequent cause of bearing failure 
and, in most cases, is due to defective manufacture. The heat flow through 
a poor bond area is usually impeded and may lead to failure because of uneven 
and excessive bearing-surface temperature. Fatigue cracks occurring over 
poor bond areas will loosen the bearing wis quickly. ‘ 

Poor bond in cases of trimeta! or “sandwich’’-type bearin; — occur also 
between the intermediate bronze layer and steel of the shell. Non-metallic 
inclusions between the bronze and the steel will decrease the heat flow from 
the bronze to the steel, and local overheating may result. Such manufacturing 
defects cannot be detected by routine inspection and are found usually after 
a bearing failure. 

Areas of poor bond of a failed bearing are usually found to be without any 
trace of bonding alloy. 

Faulty Assembly.—Assembly errors occur from time to time and are usually 
caused by negligence and lack of experience. Faulty assembly of a small 
bearing shell in which the locking lip may not fit the recess in the bearing 
can produce excessive distortion which causes bearing failure. 

A well-known example of faulty assembly of a connecting-rod bearing is 
the mounting of the upper grooveless shell in the place of the lower shell, 
which is machined with an oil groove. This results in a complete interruption 
of the oil flow. 

Another example of faulty assembly occurs when the outside surface of an 
upper main bearing shell seizes to its cap. This seizure, or local welding of 
small areas and transfer of metal, is due to working of the shell in its cap at 
the bearing split. This working is possible because of excessive original side 
clearance Corwen the ca’ ray | the saddle. Local, minor seizure may also 
occur on the outside cap fit. 


SOME SIMPLIFIED HEAT TRANSFER DATA, 


This paper by Margaret Fishenden and O. A. Saunders is reproduced from 
the ‘Journal of the Institute of Fuel” for December 1945. It presents’ basic 


data on heat transfer in a readily useable form for the practical designer. 
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INTRODUCTION. 


Even a very limited field of inquiry, such as industrial. wa te heat recovery, 
involves heat transfer problems. of almost every type. But despite .the 
advances of the last 15 years, heat transmission is still a difficult subject for 
engineers, not because there is anything specially obscure about it, but 
because of the wide gap. between the conditions of practice and those under 
which scientifically controlled measurements are carried out. Thus, the. basic 
data, which. have usually. been obtained only for certain simple geometrical 
arrangements, and under defined conditioas, are not asa rule strictly applicable 
to the much more complicated design and conditions of actual industrial plant. 
In consequence, assumptions and approximations have to be made which, 
without experience, may entail serious errors. 

The aims of the fundamental paper on heat transfer in this series must 
inevitably be very. restricted, and it was thought best to concentrate on pre- 
senting some of the basic data in more easily usable forms, so-that the practical 
designer’s already difficult task should not be further hampered by unnecessary 
detail. Actual heat transfer coefficients, which can be read off directly from 
curves, have therefore been worked out for some of the most important cases, 
but before giving these coefficients, it may perhaps be helpful to give a brief 
outline of the more comprehensive ‘‘similarity’”’ methods of correlation upon 
which they are largely based. 

e 
UsE OF DIMENSIONLESS NUMBERS, OR GROUPS. 


In presenting experimental data, especially of heat transfer by convection, 
it is now customary to economize in variables by grouping them together in 
arrangements known.as dimensionless numbers, or dimensionless groups. A 
dimensionless number is.the ratio of two like quantities, for example, a velocity 
to. a velocity, a force to.a force, or an energy to an energy, which determines 
the behavior of any given system, whether mechanical, physical, or of any 
other nature. To take avery simple example: suppose an object is.acted on 
simultaneously by two forces in given directions. . The direction in which the 
object will tend to move will depend ae the ratio of the strengths of the two 
forces. . In other words, this ratio is the dimensionless number governing this 
particular problem, 

To take another example, the flow of a fluid past a solid body of given shape 
is determined by the ratio of the inertia of the oncoming fluid to the viscous 
drag. The inertia is proportional to the mass flow, pv, multiplied by the 
velocity 2, i.e., to pv?: the viscous drag is proportional to the viscosity. of the 
fluid, 4, multiplied by the velocity gradient, v//, i.e., to uv/l..The ratio of 
these is. pvl/u, well known as the Reynolds number, / being any typical linear 
dimension. The flow depends.also upon the shape of the y, which can be 
pay yr ss by ratios of length to re, as all dimensionless; it can thus be said 
to be governed by the Reynolds number, so long as only one shape is considered 
at a time, 

The practical value of dimensionless numbers in such problems as convection 
lies in the fact that a study of the fundamental processes involved enables one, 
even before doing any experiments, to predict the dimensionless numbers— 
that is, the ratios of certain pairs of energies, or forces-or diffusivities, etc., by 
which the problem is likely to be determined.. Since the dimensionless. num- 
bers are usually much fewer than their constituent variables, experimental 
work is ier ses | by their use, and the presentation of the results is simplified. 

As well as dimensionless numbers consisting of known independent variables, 
dimensionless numbers containing unknowns whose values require to be found 
may be formed. For example, the drag exerted upon a body in a stream of 
fluid, can be put in.a dimensionless number by taking the ratio of the drag 
per unit area, R//?, to the inertia, pv”, giving R/pv*/?. This number contains 
the unknown R as well as the known quantities p, v, and /, and we can assert 
that R/pv*l? depends only upon the Reynolds number, vpl/y for any given 
shape of body. : 
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In convection, the most important dimensionless numbers. consisting-solely 
of known independent variables are:— ‘ 

The Reynolds number, Re, or vpl/u, which determines; the character of the 
flow of fluid past any body—for example, flow through a. tube of diameter 1. 

The Prandtl number, Pr, sometimes known as the Stanton number, given 
by cu/k. This number is the ratio of the momentum diffusivity, or kinematic 
viscosity, u/p, to the heat. diffusivity, k/ce. The Prandtl.number and the 
Reynolds number together determine the flow of heat in. a, convecting fluid, 
For example, the velocity distribution in the fluid flowing. through a. pipe is 
determined by Re, and the temperature distribution by, both Re and Pr. . 

The most important dimensionless number in heat transfer containing an 
unknown whose value is required, is the Nusselt number, Nu, or H1/k@ which 
contains the unknown heat flow per unit area of surface H. For forced con- 
_ vection, Nu depends on both Re and Pr. .Other dimensionless numbers are 
associated with natural convection, condensation, evaporation, etc. 


THE ComPLex NATURE OF HEAT TRANSMISSION. 


In any system where there are temperature differences from one place to 
another, heat is transferred from the hotter to the cooler parts which are not 


in contact with one another by both radiation and convection, and sometimes 


also by evaporation and condensation. It is transferred from the hotter to 
the cooler parts which are in contact with one another by conduction, and for 
partially transparent bodies also by radiation. Sometimes one method of 
communication may be the more important; sometimes another, but with the 
quantitative heat transfer hidden in complicated formulae it is not always 
easy for the uninitiated, without a good deal. of tedious arithmetic work, to 
decide which. 


For heating log (Nu x Pv°4} 
For cooling log (Nu x Pv) 


log Re 
Fic. 1.—Correlation of experimental results of convection for.a fluid flowing through a tube, 
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Thus, radiation from one solid surface to another is given approximately 
by cE(Ti! — T:4), where Ti and Tz are their absolute temperatures, ¢ is 
Stefan's constant and £ is an “effective emissivity,” which may involve both 
E, and Ez, the emissivities of the two surfaces. These themselves vary with 
temperature, as well as with both the nature and the condition of the surfaces. 
Forced convection is, in simplified form, given by C(T; — 72) X v® where both 
C;and » depend upon size, shape and position, upon Re, and to a lesser d 
upon the absolute temperatures. Natural convection is given by C(7; hye 
where both C and m again depend upon size, shape, and position, and to some 
extent upon absolute temperature. 

Thus, for dealing quickly with practical problems, it is essential to use 
simplifications, and the most convenient method is probably to determine 
coefficients for different cases, by which the temperature difference must be 
multiplied to give the heat transfer per unit area per unit time. Sometimes 
these must be used to determine separately the heat transferred by radiation 
and convection, sometimes composite coefficients, which include both radia- 
tion and convection can be used. It is, of course, not feasible to deal in this 
way with more than a very limited number of shapes; indeed, this is all the 
available data allow. 

Forced convection.—In heat exchangers the most important cases of forced 
convection appear to be flow through a tube, flow at right angles to the outside 
of a tube, and flow across tube banks, where there is a limited amount of 
information for oblique, as well as for normal flow, 

The initial correlations of the experimental results for forced convection 
have of course been by dimensionless methods. Usually Nu times some power 
of Pr has been plotted against Re on a logarithmic scale. Such a correlation 
is shown in Figure 1 for flow of liquids and gases through tubes, Similar 
correlations have appeared in the standard books on heat transfer for flow 
across tubes. For gases, for which Pr can be omitted, since it seldom varies 
mych from 0.74, such parts of the log curves as can be considered as approxi- 
mately straight lines can obviously be expressed in the form:— 


Nu = C Re*, 


and it is from such formulae that the simpler coefficients given in the following 
pages have been derived. 


Forcep CONVECTION. 


Flow normal to axis of isolated cylinder or tube. 

The most recent correlation of the various experimental results for forced 
convection between a single cylinder and a fluid streaming at right angles to 
its axis is given in the 1942 edition of McAdams ‘“‘Heat Transmission.” This, 
which agrees gine closely with previous correlations, shows that for Re from 


1,000 to 50,000 the results agree within + 20 per cent with the expression :— 
Nu = 0.26 ROS PPS , 

For air and diatomic gases, taf:ing Pr = 0.74, this se sled 


Such meager direct evidence as we hove fie experiments carried out with 
temperature as the only variable, suggest that the convection coefficient 
a, = H/@, or the heat loss per unit area per unit time per degree temperature 
difference, increases pra adually as the mean temperature is increased, and this 
is borne out by @) rom which it follows that for any given mass flow per 
unit cross-sectional area, vp, H/@ will vary as k/d%4 uke, 6, and thus,’ for any 
given diameter, with k/u®*, the constants being taken at the mean tempera- 
ture of gas and wall. Calculation shows that for air the numerical increase as 
the mean Hae ee is a from 250 degrees F.to 2000 degrees F. is about 
57 per cent. Hence values of the convection coefficient for cylinders of diam- 


eter up to 6 inches, for air velocities up to 100 feet a mond at N.T.P., have 
been computed from expression (2) for a mean temperature of 250 degrees F. 


per Fahrenheit, 


Convection coefficient 8.Th,U. per sq. ft. per hr. 
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Fic. 2.—Coefficients of convection for flow normal to a single cylinder. 
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These are given in Figure 2, together with a correction curve showing the 
percentages to be added for mean temperatures up to 2000 degrees F. 

Mean temperatures of less than 250 degrees F.are seldom met with in waste 
heat problems, but in any case the curves can usually be taken as nearly 
enough applicable to mean temperatures between 100 degrees F. and 400 
degrees F. without correction. 

Although these and following convection coefficients have been worked out 
for air, they are 7 for the same mass flow, to nitrogen, oxygen and 
carbon monoxide. ey can also be used for flue gases with an error. usuall 
less than 10 per cent, especially if carbon dioxide is the main product. 4 
mixture of 20 per cent of water vapor and 80 per cent of nitr would give 

actically the same coefficients as air for constants taken at 250 degrees F., 
but for constants taken at 2000 d F. the coefficients for the mixture 
would be about.14 per cent bigger than those for air. 

Flow normal to axes of tubes in banks.—For gases flowing across banks of 
tubes, whether the arrangement be ‘‘in-line’’ or “staggered,” the data agree 
well with the expression: : 


where C8 is a factor which depends upon the particular arrangement of the 
tubes, that is to say, upon how closely they are spaced, both from row to row, 
and in any given row, and upon whether they are in-line or s . CHalso 
varies with Re. The tube bank is supposed to be more than six rows deep, as 
of course it would usually be in practice, for there may be differences in the 
heat transfer coefficients between the first two or three rows of a bank and 
the subsequent ones. 

Values of the factor Cu for the arr: ments of tubes shown in Figures 3 
and 4 are given in Tables I and II. It will be seen that for the in-line arrange- 
ments Cu does not differ much from unity, except for low Re and when the 
rows of tubes are packed closely together. For these conditions in the extreme 
case of Re = 2000 and separation of rows from axis to axis 1.5d. or less, Cu 
may fall as low as 0.66. For the staggered arrangements, on the other hand, 
Cu, although again usually not far from unity, tends to be appreciably above 
ra for low Re and close spacing of rows, rising to 1.26 in the most extreme 
conditions, 

In (3) the physical constants are, as in the case of flow past a single tube, 
taken as the mean temperature of gas and tube wall; but the velocity taken is 
based on the minimum free-flow area, which in extreme cases, when the rows 
of tubes are packed very closely together, may be buys diagonal, and not 
through transverse, openings between successive rows of tubes. 

Expression (3) suggests that, as in the case of flow past a single tube the 
convection coefficient for banks of tubes of any given diameter and arrange- 
ment, for any given value of vp, should increase with k/z® * as the mean tem- 

rature of gas and tube wall increases. Values of the convection coefficients 
for a mean temperature of 250 d F., and for Ca = 1, have been calcu- 
lated, and are given in Figure 5 for tube diameters up to 6 inches, and for 
minimum free space velocities up to 100-ft./sec. at N.T.P. The small sub- 
sidiary curve on Figure 5 shows the corrections necessary for converting to 
higher mean temperatures. For cases where Cu differs much from unity, this 
factor must also be applied. f 

Pressure drop in tube banks.—In designing tube banks the heat transfer 
must usually be considered in relation to the pressure drop, which in inches 


of wateri s given by the relation 

where N is the number of rows of tubes, and C; a factor depending upon the 
arrangement. Values of C; are included in Tables I and II. 

Effect of distance, x, between rows of tubes.—It will be seen from Tables I 
and II that, for both in-line and staggered arrangements, for any given value 
of y, the distance between the tubes at Be carton to the direction of flow, the 
ratio of the heat transfer factor, Cu, to the friction factor C;, decreases rapidly 
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as x is increased, Thus, since both heat transfer and: pressure drop are both 
directly proportional to the number of rows, it is obviously economical both 
in «pee and pressure drop to pack the rows of tubes as Burs together as 
can 

Effect of de distance, y, between tubes.—The effect of altering ‘be distance, y, 
between the tubes at right-angles to the direction of flow, is rather more 
difficult to assess. To begin with, the minimum free space velocities upon 
which the heat transfer formula (3) i is based, for any given oncoming velocity 
vary with’y. Thus, for either in-line or staggered arrangements, the appro- 
pre velocities for y = 1.25d, y = 1.5d, y = 2d, and y = 3d, are respectively 

2, and 1.5 times the oncoming velocity ty. "Hence the friction, which is 
proportional to will be in the ratio of Cy: X (3/5)? : Ce X (2/5)? : Cr x 
(1. iA 7 appropriate value for C; being taken in each case from Table I 
or Table I 

Thus, for in-line arrangements x = 1.25d, for the different values of y friction 
for the in-line arrangements is in the ratio— 

0.85: 0.65 (3/5)?:0.425 (2/5)?:0.23 (1.5/5)3 = 1: 0.27: 0.080: 0.025. 

Similarly for x = 1.5d we have: 1.03: 0.78 X (3/5)?: 0.57 & (2/5)?: 0.28:x 
(1.5/5)? = 1; 0.27; 0.079: 0.024 
- and for x = 2d: 

1.37; 1.04 X (3/5)? 10s x Oe 0.42 X Ye 5)? = 1: 0,27: 0.080: 0.028 
ang 1.56 X (3/5)?: 1.02 & (2/5)?: 0.56 (1.5/5)? = 1: 0.27: 

It willbe seen that there is little difference between these ratios, so the 
yy value for all values of x can reasonably be taken—4.c., 1: 0.27: 0.079: 

The heat transier per unit area of cross-section is proportional to Cu X v6 
and to the surface area, which is itself, for y = 1.25d, sd, 2d, and 3d, in the 
ratio of 4/5; 2/3: 1/2: 1/3: or 1: 0.83: 0.625: : 0.42: 6 for y = 125d, 1.5d, 2d, 
and 3d is in the ratio of 2.63: gag 1,52: 1.28, or 1: 0.73: 0.58: 0.4 
Cu for the mean Re of 11, is, from Table I, for the different Cohiek of ¥, 
for x = 1.25d, 1.03: 0.9 0.88: or 1: 0.93: 0.83; 0.82. 
for x = 1.5d, 1.04: 0.96 088: 0.84, or 1: 0.92: 0.82: 0.81. 
for x = 2d, 1.02: 1.01: 1.00: 1.02, or 1: 0.99: 0.98: 1. 
for x = 3d, 0.97: 0.97; 1.02: 1 ‘02, or 1: 1.00;1.05: 1: 

These again do not vary greatly, although they show a slight increase with 
increasing x. Taking the mean values we get 1: 0.96: 0.895: 0.92. Multi plying 
by the area ratios aad the v*-6 ratios we get finally that the heat transfer per 
unit area of cross-section for the same oncoming velocity for y = 1.25d, 1 3d, 
2d and 3d isin the ratio of 1: 0.58: 0.32: 0.19. 

The heat transfer per unit area of cross-section for a given oncoming velocity 
is 5 times as big for y = 1.25 as for y = 3d, but the pressure drop is 40 times 
as big. Thus the conditions for high heat transfer per unit area of toate gad 
and for low pressure drop are in opposition,.and it is usually 
Ganeromins. If considerations of space are the more importan eat 

can be made small, but the pressure drop will be high. if considera- 
y ran fan power are the more important, the pressure drop can be kept low, 
but the size of the heat exchanger will be bigger. This, of course, is well 
to designers of such plant. 

Staggered ements.—Working out in a similar way.for the 
arrangements we find that it is again permissible to average the ratios of both 
heat transfer and friction for the different values of x. For a given oncoming 
velocity the heat transfer per unit area of cross-section for the different values 
of y is in the ratio of 1:0.62: 0.38 to 0.21, much the same as for the in-line 


rresponding pressure drops are in the ratio of 1: 0.31: 0.11: 0.049 and 
the ratios of heat drops.in the ratios of 1: 2.0: 3.5: 4.3. 
These increase less quickly than for the in-line arrangements, because although 
the heat transfer falls off at about the same rate as for in-line, the pressure 
drop falls off less quickly. : 
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2.83/1.25=2.27 | 2.36/1.19=1.98 | 1.80/1.10=1.64 


3.45/1.25=2.76 


Comparison of in-line and staggered arrangements.—It will be seen from 
Table III, which gives the ratios of Cu/C;, in-line, to Cu/C;, staggered, that 
for almost the whole range of values of x and y Cu/C;, in-line, is bigger than 
Cu/C;, staggered, the ratio increasing as y increases, and as x decreases. It 
varies from 2.76 for y = 3d and x = 1.25d, to 0.89 for y = 1.25d and x = 3d. 
On the other hand, the actual values of Cu tend to be somewhat bigger for the 
staggered arrangements than for the in-line, especially for big values of y and 
small values of x. The excess is about 50 per cent for the extreme case of 
y = 3d, x = 1.25d. It-is the old conflict between heat transfer and pressure 
drop for any given cross-section. Other things being the same, staggered 
arrangements are likely to give slightly greater heat transfer, but usually at 
a disproportionate increase in the pressure drop. 

Effect of angle of impingement of air upon heat transfer in tube banks,— 
Ornatski made an experimental determination of the heat transfer from steam 
heated tubes banks to air for angles of impingement from 90 degrees to 30 
degrees. The tubes were in-line with both x and y = 2d. The diameter of 
the tubes was 4/5 inch and the range of Re investigated 5000 to 16,000. The 
results were given in the form Nu = constant X Re®, with varying values of 
both the constant and m, but they can be transformed with no appreciable 
error to Nu = Constant X Re®-6. For an angle of 90 degrees a bank of 7 rows 
of tubes gave Nu = 0.32 Re®-6, which agrees with the formula already given— 
yo te = 0.32 Cu Re®-6, since it will be seen from Table I that for this case 

= 1, 

For angles of 80 ees, 70 degrees, 60 degrees, 45 degrees, and 30 degrees 
the values of Ornatski’s constant are 0.30, 0.31, 0.28, 0.25, and 0.19 respectively. 

Lokshin carried out a similar series of experiments for both in-line and 
staggered arrangements of electrically-hea’ tubes for Re from 10,000 to 
40,000 and spacing nearly the same as above. For rows after the first his 
constants for angles of 90 degrees, 80 degrees, 70 degrees, 60 degrees, 45 degrees, 
30 degrees, and 15 degrees are 0.27, 0.2/, 0.28, 0.27, 0.22, 0.18, 0.12 when cor- 
rected to a Re®-6 law. For staggered arrangements with the same spacing the 
corresponding values are 0.32, 0.32, 0.31, 0.29, 0.25, 0.20, 0.13 for rows beyond 
the first four, Since it will be seen from Table II that for this case also Cu is 
nearly equal to 1, Lokshin’s results for staggered arrangements agree with 
the results on previous pages. His results for in-line arrangements are 
slightly low. i 

Taking both sets of results together it will be seen that until the angle of 
impingement is below 60 degrees no correction is worth while, but that at 
45 dezrees the heat transfer is reduced by roughly 20 per cent, and at 30 

ees by 35 or 40 per cent. 

th Ornatski and Lokshin found that the heat transfer in the first row of 
the in-line banks was about 30 per cent less than the average for subsequent 
rows. This agrees with the previous American work the difference, however, 
varying with the spacing. For stamgered arrangement, Lokshin found the 
heat transfer in the first 4 rows was about 12 per cent-less than in subsequent 
rows. 

Flow through a tube.—There are some discrepancies in the law of variation 
of the convection coefficient with temperature in the case of the flow of a fluid 
through a tube. McAdams obtains a good correlation by p!otting Nu against 
Re, with the physical constants taken at the fluid temperature, which has the 
advantage that V>? is constant all along the tube. The equation obtained for 
gases is:— 

Nu=0.020 Re®*® . . . . 


Taking the constants at the gas temperature of course indicates a variation 
of the convection coefficient, for a given rate of mass flow, only if the gas 
temperature is altered, and not if the tube temperature is altered. However, 
the results correlate quite well with the constants taken at the mean tempera- 
ture of gas and tube, as in the case of flow across tubes; and there is other 
evidence that a slight increase in the convection coefficient should follow an 
increase in mean temperature. The best that can be done thus seems to be to 
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Fic. 6.—Coefficients of convection for flow through a tube. | 
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base the law of variation on the mean ped pregeted This, for small temp A 
ture differences, would of course agree with the law indicated by McAda 
expression, and also with the variation by Jung, who more 
made a systematic investigation of the effect of temperature on H/@ for the 
case of hot combustion gases flowing through tubes. 

Convection coefficients have therefore Pore worked out from (4) taking the 
physical constants at 250 degrees F. These are given in Figure 6, which 
of percentage corrections for mean temperatures up 
to 2000 degrees 

To settle more precisely the effect of temperature upon convection coeffi- 
cients, the entire experimental ale should really be re-correlated, but this 
want be pa job, probably with a return not commensurate with the 
work involv 


RADIATION. 


The net radiation from a perfectly black surface at absolute F. temperature 
T; in perfectly black surroundings at absolute F. temperature 72, is given by 
17.3 X 10- (7,4 — Btu./ft.? hr. 

For an actual surface of emissivity Z,; and temperature 7; in surroundings 
at temperature 7>, in the si 8 case, when the surface intercepts no reflected 
radiation from the surroundings—+.e., when the surroundings are perfectly 
black, or even if they are not black, when they are relatively large, «=> expres- 
sion usually given is 17. 3 X 10- 10 Fy (T14 — Ts‘). Strictly speaking, this 
expression applies only to ‘ prey’ ” surfaces, and it does not seem to be generally 
known that for surfaces whose emissivity ge sg quickly with temperature 
its use may result in big percentage errors when 7; is >. § and (7, — 73) is 
small. The correct expression is 17.3 K 10-1 (£,7;4 — A172‘), where A; is 
the absorptivity of the surface at 7; for radiation from the surroundings at 7>. 

At the other extreme, when all the radiation reflected from the surroundings 

is intercepted by the surface at 7}, as in the case of parallel planes large com- 
pared with their distance apart, or of concentric ee or concentric spheres 
with the inner surface of the outer cylinder or oe ye regularly reflecting, the 
expression for grey surfaces of E, absolute F. 


ture 7; and 72 is:— 
ELE; 
20 2 
17.3 X 10- - EE — Btu./ft2-hr. . (5) 
As in the previous case, serious errors may arise in taking the grey surface 
formula for surfaces whose emissivity changes quickly with temperature when 
T; is big and (7; — 7+) is small. The correct expression is:— 


173 x | 


where A; is the absorptivity of the surface at 7; for the radiation from the 
surface at 73, and’ A; is the absorptivity of the surface at 72 for the radiation 
from the surface at 7}. 
In all cases radiation lies between the two limits (a) for no interception of 
reflected radiation; and (6) for complete interception of reflected radiation. 
Coefficients of radiation.—The coefficient of radiation for a surface of emis- 
sivity 1, é.e., a perfectly black surface, at temperature 7} \in black surround- 
ings at Ta is given by:— 


17.3 10-1 — — Ts) Btu./ft.? 


For small tem ture differences, when 7), Tz and Timean are nearly equal 
(7) approaches 17.3 X 10-1 X Tad... For very large temperature differences 
‘it approaches 17. 3 X 10-7;3, 

Coefficients of radiation for values of 4 up to 2000 degrees F., and for 
different values of Ssheits f) are given in Figure 7 and Figure 8 for £ = 1. 
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When the use of the grey surface formulae is justifiable they can be multiplied 
by the effective emissivity to obtain the coefficient of radiation for any 
actual case. 

It will be seen that, over the range included, the coefficient of radiation for 
E = 1 varies from 0.77 Btu./ft.? hr. F. for small differences of tem- 
perature around 0 degree F. to 103 Btu./ft.? hr. degree F. for smail differences 
of temperature around 2000 degree F. For an effective emissivity of 0.8, which 
between these limits of temperature is correct within 20 per cent for man 
industrial surfaces other than bright metal or nearly white ones, the correspond- 
ing coefficients of radiation becomes 0.6 and 80. For small differences of 
temperature around 250 degrees F. they would be 0.8 X 2.5 = 2.0. 

To get some idea of relative values of radiation and convection, and their 
variations with temperature, velocity and diameter, the above radiation 
coefficients can be compared with the corresponding convection coefficients 
for flow across a tube. 

For 250 degrees F. the convection coefficients for 100-ft./sec: (N.T.P.) vary 
from 15% for-6-inches diaméter to 42 for 34-inch diameter; At -10-ft./sec. they 
vary from 4 for 6-inches diameter to 11 for 34-inch diameter. Thus, even for 
the lower velocity and bigger diameter, Convection is twice radiation. For 
the higher velocity and smaller diameter, convection is about 8 times radiation. 

For 2000 degrees F. the convection coefficients for 100-ft./see. vary from 
24 for 6-inches diameter to 66 for 34-inch diameter. At 10-ft./sec. they v: 
from 6 for 6-inches diameter to.17 for 34-inch diameter: Thus, for this hig 
mean temperature, convection for the lower velocity and bigger diameter is 
only ee times radiation, for the higher velocity and smaller diameter 
about 0.3 times, 


Gas RaprATION. 


Hottel and Egbert, after > oc the various experimental results for gas 
radiation, récommended thé use.of Hottel and Mangelsdorf’s curves—(see 
Figures 9-and 10)—with certain slight modifications to be described later, 
and on the evidence this seerfis quite justifiable.--These.curves give the 
emissivity of carbon dioxide and water vapor, as a decimal of black body 
emissivity, for a -hemisphere of gas of radius /-feet radiating to the central 
point of its base, for different values of p, the partial pressure of the radiating 
gas, in atmospheres for temperatures-up to 3600 degrees F. The dotted lines 
on Figure 10 show: for comparison values obtained by E. Schmidt for steam. 

In_the rather artificial case-of hemispherical radiation, the thickness of the 
= layer is of course theSame in all directions but for other shapes this no 

ger holds. .Thus; in any givett case, before the emissivity can be read off 
from the gas radiation curves, the radius of the “‘equivalent’* hemisphere 
must be known. This has been calculated for a number of simple shapes, as 
shown in Table IV. In the limit, as p/ decreases, / is equal to four times the 

volume divided by the area of the bounding walls. For values of in the 
industrially important range, avery good approximation is-given by 0.85 
times this quantity. 

What is actually plotted in Figures 9 and 10 is the emissivity for different 
values of the By éxpressing in terms of of course tacitly 
assumed that the radiation — only upon the total number of radiating 
molecules, and not upon whether they are spread out over a thicker layer at 
a lower partial pressure, or squeezed into a thinner layer at a higher partial 
pressure. But it is known that for water vapor E may depend to an appreciable 
degree upon p and / separately, as well as upon their product. Above 1200 
degrees F. the corrections are small, but below 1200 degrees F. pi should be 
multiplied by the appropriate factor read off from Figure 11 before using it 
to = E from Figure 10. For carbon dioxide no such correction is 

uired. 

‘or water vapor, it will be seen from Figure 11 that the correction to pi may 
be considerable, but the corresponding correction in the emissive power is 
much smaller, and the uncertainty in E is not often likely to be greater than 
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Table IV 


LAYERS OF DIFFERENT SHAPES 


Factor by which X is to 
be multipliedto give 
equivalent for hemi- 


-Character- spherical radiation 
Shape dimension, | Calculated 
x Calculated from 
by various 4x0.85 
workers volume 
area 
here. | Diameter 0.60 0.57 
Infinite radiating 
Biameter 0:90 0.85 
Diameter 0.90 “0.85 
height— diameter, 
radiating to whole surface| Diameter 0.60 0.57 
Ditto, radiating to centre 
of base rs .-» | Diameter 0.77 0.57 
Space between infinite Distance 
parallel planes . } apart \ +89 1.70 
Space outside infinite bank 
of tubes with centres on 
equilateral triangles, tube | 
diameter=clearance ... | Clearance 2.80 2.89 
Ditto, but tube diameter = 
one-half clearance «| Clearance 3.80 3.78 
Ditto, with tube centres on 
squares, and tube dia- 
meter = Clearance 3.50 3.49 
Rectangular parallelopiped, 
1 x2 x6, radiating to 
2x6 face 2 1.06 1.01 
1 x6 face Shortest 1.06 1.05 
1 x2 face edge 1.06 1.01 
All faces ive 1.06. 1.02 
Infinite cylinder of semi- 
circular cross-section, 
radiating to centre of _ 
side hab us Diameter 0.63 0.52 
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the uncertainty of industrial conditions, where gas temperatures, radiating 
constituents, and other factors may vary both from place to place and from 
time to time. Moreover, since the emission bands of carbon dioxide and water 
vapor overlap, either gas absorbs some of the radiation emitted by the other. 
Hence the emission from, say, flue gases containing both carbon dioxide and 
water vapor will be less than the calculated sum. Hottel, from direct measure- 
ments, and Eckert, from absorption data, have estimated roughly the resulting 
correction, which varies from zero at very small values of p/ to about 10 per 
cent when / is 3-ft.-atmospheres. Considering the other uncertainties, this 
correction is thus usually scarcely worth applying. 

It will be 'seen from Figures 9 and 10 that, except for carbon dioxide at the 
lower temperatures and higher values of pl, the emissivity of both carbon 
dioxide and water vapor falls off rather sharply as the temperature increases. 

Calculations of gas radiation.—The net radiation from a layer of gas of 
emissivity E; at temperature 7;, wher the surrounding walls are black and 
at 7}, is given by 17.3 K 107 1° (E,7,4 — E,T>*) Btu./ft.? hr., where E, is the 
emissivity of the gas layer for temperature 7>. 

This is somewhat tedious to work out, and it happens that good approxima- 
tions can be obtained and the working out greatly simplified in the following 
way :— 

When the temperature difference (7; —-T2) is big, the second term in the 
expression above is small compared with the first term, and little error is 
‘nvolved in taking the radiation as 7.3 X 107 1° E, (7;4 — 7:4). The radiation 
efficient can then be read directly from Figures 7 or 8 and multiplied by E,, 
the emissivity of the gas volume for temperature 71, as obtained-from the gas 
radiation curves. To obtain the total radiation this must then be multiplied 
by the temperature difference (7; — 72). 

For mean. temperatures of 2000 degrees F., 1500 degrees F., and 1000 
degrees F., respectively, this method can be used without giving an error of 
much. more than 10 per cent providing (7; — 7+) is not less than 1000 degrees 
for a mean temperature of 2000 degrees F., 500 degrees for a mean tempera- 
ture F., and. 100 degrees for a mean temperature of 500 


When the temperature differences are smaller than this, it is better to use 
a different method, and to get mend a radiation from the mean temperature 
of gas and wall. The radiation cient for this mean temperature*is to be 
read from Figure 7 or Figure 8, for (Tj = T;) = 0. This must then be multi- 
plied by the emissivity as determined from the gas radiation curves and by 
the temperature difference. A slight deduction must now be made—.e., 20 per 
cent for a mean temperature of 2000 degrees F., 10 per cent for a ‘mean tem- 
perature of 1500 degrees F., falling to zero for mean temperatures of 1000 
degrees F, or less. 

To give some idea of the relative im ce of convection and gas radiation, 
the coefficients of convection and of gas radiation for gas of four different 
compositions flowing at different velocities through tubes of different diameters 
have been plotted in Figures. 12,.13, and 14. for mean. temperatures of 2000 

: F., 1000 degrees F., and 500 degrees F. respectively. The gas in case 
(1) contains 16 per cent of carbon dioxide and 19 per cent of water vapor; in 
case (2) 19 per cent of carbon dioxide and 1 per cent of water vapor; in case (3 
6% per cent of carbon dioxide and 18 per cent of water vapor; and in case (4 
12 per cent of carbon dioxide and 3 per cent of water vapor. 


It will be seen that as the diameter of the tube, and the temperature of the 


gas, increase, radiation becomes more and more important compared with 
convection. Thus for a tube diameter of 12 inches and a mean temperature of 
2000 d F. the radiation from mixtures (1) and (3) is equivalent to con- 


vection for about 60 feet per sec. (N.T.P.), and for mixtures (2) and(4) about 
35 feet per sec. For a tube diameter of 1 inch and a mean temperature of 
500 degrees F. gas radiation for all four mixtures is negligible compared with 
convection for any rate of flow above 10 feet per sec. 
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Fic. 12.—Flow through tubes compared with gas radiation : 2000° F. 
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Fic. 13.—Flow through tubes compared with gas radiation: 1000° F. 
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Fic. 14.—Flow through tubes compared with gas radiation : 500° F, 
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The authors are very much indebted to Mr. D. W. Rudorff, who most 
kindly supplied them with English abstracts of the two Russian papers on 
tube ks mentioned in the text. 


APPENDIX—LIsT OF SYMBOLS. 


actor, depending upon tube arrangement, affecting heat transfer. 
Coefficient, depending upon tube a. affecting pressure drop. 


Specific heat at constant pressure of fluid -—— ib. i 


Diameter of pipe, in feet (unless otherwise stated). 
( imensionless). 
Heat transfer per unit area per unit time, to or from surface Btu. /ft.? hr. 


Thermal conductivity 


Characteristic linear dimension; thickness of gas layer, in a: 
Number of rows of tubes. 

Partial pressure (in age 

Absolute temperature, degrees F. abs. 

Temperature, degrees F. 

Velocity of fluid or gas. 

{ Co-ordinates or distances apart of axes of adjacent pipes in and at 

right-angles to, the direction of flow. 


Heat.transfer coefficient, = 


Pressure drop, in inches of water. 

Temperature difference, degrees F. 

Viscosity of fluid, in pounds per foot per hour. 
Density of fluid or gas, in pounds per cubic foot. 
, 2 Exponents (dimensionless). 
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SHIPBOARD CORROSION PROBLEMS. 


This article discusses briefly some of the more suitable linings and coverings 
for shipboard use. It was written by Kenneth Tator, President of Industria 
and is reproduced from the ‘Pacific Marine Review” 

anuary 1 


Shipboard corrosion problems fall into two categories: those which pain 
will prevent; and those for which paints offer no appreciable wee me 
example, it would be a waste of money to use any protection other than a 
wel and properly applied paint system on hall or house plates to 
protect these from rusting caused by salt spray or sea water. Painting, how- 
ever, has been not too successful in preventing corrosion of steel propeller 
shafts driving bronze wheels. For their protection a heavy, resilient synthetic 
rubber has given the best protection. It is of this latter class of corrosion 
protection Ent this article deals, that of linings or coverings. 

Linings and coverings with but few exceptions are eemattislnad by their 
thickness, normally from 354 se % of an inch. They are usually resilient, 
rubber-like materials, selected for corrosion and abrasion resistance. No one 
lining material will be a universal panacea for all corrosion problems, but 

the lining materials commercially available there is generally at least 
pomage. Pics will solve any specific problem. Among those materials available, 

psa in common use for — or covering, are rubber and the many t 
synthetic rubbers, and —- such as the Bakelites, vinyls, polyethlene, 
polystrene, vinylidene, lorides and others. Unfortunately for many pur- 


these lining materials are seldom known by their true names, and their 
identity is obscured by non-informative trade names. The writer recently. 
visited the engineering division of a well-known organization which was then 
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attempting the solution of a serious corrosion problem. Those men had 
invested a considerable amount of time and money in exhaustively testing 
eight lining samples, known only to them by trade-name, which had been 
recommen to them for the purpose. Of these eight test pieces, six were 
of identical material, differing only in trade-name, minor composition, and 
integrity of the manufacturer—an unnecessary duplication of investment, 
especially in view of the fact that this material proved inferior to other mate- 
rials available. Such a situation cen be dvoided by asking the supplier the 
true nature of this material, or by enlisting the advice of men able to distinguish 
between the available trade-names. 

Linings and coverings cannot economically and should not replace painting. 
Paint systems are adequate for the more common corrosion problems encoun- 
tered on board ship. Furthermore they can be effectively applied by relatively 
unskilled workmen, with a minimum of specialized equipment. Their applied 
cost is low, rarely attaining 25c per square foot of surface painted. It must 
be borne in mind, however, that a paint film seldom exceeds twenty thou- 
sandths of an inch in thickness; that it is applied as a liquid and often remains 
a liquid for some time after it is applied, thus allowing it to flow back from and 
leave insufficient protection over sharp projections and edges. First signs of 
paint failure usually occur at sharp edges.. In most instances failure from 
these causes is of little consequence as it is usually a simple matter to get the 
paint can and brush out and touch up these spots as failure is dehected. 

Linings and coverings are a different matter. Their application requires 
skilled workmen and specialized equipment. They are sel applied in their 
entirety by brush or spray gun. They are never air-drying, but require some 
form of treatment to develop in them their maximum corrosion resistance and 
pire strength. For these reasons they are comparatively expensive. 

inings, depending upon their nature and protection desired, will cost applied 
from 50c to $3.00 per square foot of surface lined or covered. For this reason, 
if for no other, their consideration should be reserved for those uses where 


painting is inadequate and where the value of the parts which require protec- 


tion is sufficient to justify these costs. 

The virtues of linings lie in several properties, one of which is their thickness. 
This is especially important in abrasive exposure as, all other things being 
equal, the length of time they will afford protection will be in direct proportion 
to thickness. This greater thickness also presents a more substantial barrier 
against highly corrosive environment than a thin film, | Furthermore, any 
defect in a thin film will almost certainly penetrate the film, but in a lining 
or covering this defect would be entirely surrounded by sound, resistant 
material. Sharp projections and edges are fully peat by sheer bulk of 
lining material. 

Lining materials are usually resilient and rubber-like. This property gi 
still further tion against abrasion, as such abrasives will, “bounce” off 


the lined surface instead of digging in and tearing up the surface. The success 


of the rubber-lined shaft bearings is evidence of this, to say nothing of the 
wearing qualities of automobile tires . Resilience is also of advantage in main- 
taining a protective barrier over “working” rivet heads on lap seams. The 
material at these points will stretch and “‘work’’ with the steel instead of 
cracking under the shearing action. 

Linings and coverings are usually treated after application to impart to 
them their maximum resistance and strength. This “set,” “cure” or vulcani- 
zation is variously accomplished by heat, vapor or gas reaction. 
Special portable equipment is required. is operation. after application 
insures maximum adhesion to the steel and a stress-free lining. 

Lining and covering is in general:aceomplished by four different methods, 
depending upon the material employed or the result desired. They may, be 
applied to specially prepared surfaces by pressure guns, by trowel, 
molding, and those so applied are characterized by being continuous and 
seamless. Sheet linings necessarily have seams but are usually smoother, of 
more uniform appearance and of uniform thickness. = 
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Repairability of a lining is of paramount importance to {shipowners. For 
protection as costly as lining or covering it is not economically desirable to 
replace a lining which has sustained damage to a small part of its total area. 
All linings cannot be repaired, but those which are classed as ‘‘thermoplastic’”’ 
can be repaired with a minimum of time and expense, whereas with the ‘‘ther- 
mosetting’’ materials a repair is a major undertaking yielding a resulting 
lining which is often a compromise in quality. Hence in the summary at 
the end of this article the various lining materials will be classified according 
to their type. 

Linings serve three types of function: they protect matine equipment from 
severe corrosion action of sea water, salt spray, or the cargo; they protect 
equipment from the abrasive action of silt, hard fuels, or solid bulk shipments; 
and they protect cargoes from undesirable contamination by iron or rust 
from contact with the bulkheads in the holds. 

In the following the qualifications and uses of some of the principal lining 
and covering materials will be summarized: 


NatTuRAL RUBBER. 


Thermosetting. Best abrasion resistance. Excellent resistance to acid and 
alkaline conditions. Should not be used where lubrication oil or fuel oil will 
come in contact with it. Not suitable for oily shipments. Used to line 
battery compartments. 


SYNTHETIC RUBBER—GR-S Type. 
Same general. characteristics as natural rubber, but harder, hence with 
somewhat lessened abrasion resistance. 
SyNTHETIC RUBBER—BunNa N Type. 


Thermosetting. Good abrasion resistance. Excellent resistance to lubri- 
cating and fuel oils and ‘to petroleum products. Excellent for vegetable oils 
and oily loadings. 


NEOPRENE, 


Thermosetting. Excellent abrasion resistance. Excellent resistance to 
lubrication and fuel oils and to petroleum products except aviation gasoline, 
due to aromatics. Excellent for vegetable oils and oily ladings. 


THIOKOL. 


Thermosetting, although latex types readily repaired. Poor abrasion 
resistance. Has tendency to flow under pressure. Best resistance to petro- 
leum products, including aviation gasoline, and used to line steel and concrete 
tankers and tank barges. Used to cover Fore. shafts and streets. Not 
recommended for temperatures above 120 


VINYLS. 
Thermoplastic. Good abrasion resistance. Excellent resistance to alkaline 
and acid Cotidieies petroleum products, fats and oils. 
POLYETHYLENE. 
Thermoplastic. Fair abrasion resistance. One of best for acid and alkali 
resistance: Softened by contact with petroleum oils. 


- BAKELITES 


Thermosetting. Poor abrasion resistance. Excellent acid resistance. Poor 
alkali resistance. A glass-smooth thin lining with relatively good heat transfer 
Pe veri used to cover and line pumps, steel condenser tien. pipes and 
ttings. Will withstand temperatures in excess of 350 degrees F 
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POLYSTYRENE. 


Thermoplastic. Excellent acid and alkali resistance. Poor resistance to 
petroleum products. 


VINYLIDENE CHLORIDE (SARON). 


Thermoplastic. Good abrasion resistant to salt water and spray. Are not 
recommended for temperatures continuously above 200 degrees F. 


SOME FUNDAMENTALS IN ALL-WELDED SHIP CONSTRUCTION. 


This paper by Milton Forman, Welding Engineer, Ingalls Shipbuilding 
Corporation, Pascagoula, Mississippi, presents some of the practical aspects 
in all-welded ship construction. It is reproduced from the ‘Welding Journal” 
of October 1945. 


The pes peed Shipbuilding Program is drawing to a close and the shi 
owners and shipbuilders are planning the postwar passenger and cargo v 
which will be plying the seas. 

At this time, the experiences, both good and bad, gained during intensive 
wartime construction and service should be carefully evaluated in order to 
determine the best and most economical methods to be used for the future. 
The competition during this coming period will be very keen, and as a result 
the quality of workmanship should improve considerably and the cost should 
be greatly reduced. 

Jhen the war began, the tasks and quotas set for the shipbuilding industry 
seemed beyond realization. However, new yards sprang up all over the 
country, old yards expanded manifold, and the quotas were fulfilled and 
surpassed. This unprecedented expansion of the shipbuilding industry, 
coupled with the demands of the Armed Forces, left the shipyards with 
inadequate supervision and a large proportion of unskilled workmen. In 
addition to this, the urgent demand that the ships be delivered now, meant 
that quality of workmanship was sacrificed to quantity production. : 

Is there any wonder, therefore, that fractures develo in some ships 
prior to and during service? -The most dramatic example of these failures 
was the breaking in two of the S.S. Schenectady.5 


An analysis of the figures presented on June 3, 1944, in the report® of the 
Board of Investigation designated by the Secretary of the Navy shows that— 
— a total of 2993 ships, 95 or 3.2 per cent developed potentially serious 
ailures. 
20 vessels or 0.67 of 1 per cent suffered complete loss of the strength deck. 
5 or 0.17 of 1 per cent broke in two. 


CAUSE OF FAILURES, 


A report delivered before the House of Representatives! on June 20, 1944, 
reported the following: 
“‘The causes for plate fractures may be summarized as— 
1. Internal or locked-up stresses resulting from welding and the failure to 
observe proper welding 
. Poor quality of welding workmanship and inadequate. supervision and 
inspection. 
The characteristic of steel known as notch sensitivity. 
Unity of welded structures resulting in no crack stoppers. 
Deficiency in details of design. 
Low temperature and temperature changes. 
Results of ship operation practices required by the exigencies of the war. 
. Inexperienced personnel.” 
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As a result of the foregoing, regulatory bodies required? that improvements 
be made in design and that crack arrestors, in the form of riveted wale 
bars and riveted deck straps, be added to the ships in service and the ships 


on the Ways. 
CRACK ARRESTORS. 


The above requirements sought to eliminate fractures due to design and to 
stop cracks once they had started. There is no doubt that this was n 
asian immediate measure to alleviate the situation. However, the blanket 
application of this requirement assumes that fractures are inevitable in a 
welded structure, and that these fractures inevitably propagate with the 
resultant loss of major strength members. 

It seems to me that although the riveted gunwale bar could be justified for 
many ships built in the haste of wartime construction, it is basically unsound 
to insist on its use for all ships and especially for vessels built for peacetime 
operation under normal building conditions. 

It is the contention of The Ingalls Shipbuilding Corp. that all-welded ships 
have, can and will be built to be completely free of fractures. The fact that 
2561 of 2993 ships® built during adverse wartime conditions are successfully 
operating under severe wartime service (as. of June 1944) with no indication 
N phoned is ample f of this. Also, the fact that welded hulls of the C-3 
and C-1 type have developed comparatively less fractures than the Liberty 
ships further substantiates this thought. 

s of June 1944, of 1995 Liberty Ships analyzed,! 9.47 per cent developed 
either Class 1 or Class 2 fractures. 

Of 73, C-3 Hulls, 2 or 2.74 per cent developed these fractures. 

Of 122, C-1 Hulls, 2 or 1.62 per cent developed the same. 

It is therefore obvious that a ship of superior design to the Liberty ship, 
oe the faults of wartime construction, has a much lower frequency of 

racture, 

Statistics, of course, do not show the entire picture. Therefore, let us care- 
fully as the causes and see to what extent they can be controlled and 


RESIDUAL STRESSES. 


One of the characteristics of welding is that high longitudinal stresses are 
developed in the weld and immediately adjacent to the weld. These stresses 
vary with the thickness of the plate and are in the neigliborhood of the yield 
point of the weld metal. 

Considerable research has been done to determine whether the presence of 
these stresses reduce the strength of the welded structure, 

A Committee of the Welding Research Council in a discussion® of the ‘‘Weld 
Stress Problem” states the following: 


“Experimentally it has not been shown in a laboratory that these residual 
oe cause a structure to behave a great deal differently than one withou* 
m.”’ 


The above statement is limited by the following: 

... “practical eoperienee indicates that this general statement cannot be 
carried over to thick materials where considerable triaxiality is involved. 
— is the object of the Structural Steel Program of the Bureau of Stand- 
ards... 


The results of the pilot test of Box Girder No. 1, tested at the National 
Bureau of Standards as part of the above program, are now available. (See 
Figures 8-11.) They also indicate that the high residual stresses, deliberately 
welded into this 9-ton girder because of a very abusive sequence,‘ had little, 
if any, effect on the ultimate strength. Despite the presence of a notch, 
virtually the entire calculated strength was utilized before the girder failed. 

Mr. fans C. Bibber, in his pape presented to the Annual aii of the 
Society of Naval Architects and Marine Engineers, comes to the following 
conclusion: 


on 
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ee strength and elongation can be obtained from longitudinall 

welded joints of heavy plates in both angle type and flat plate ae 

considerably less elongation occurs in the tee type when automatically 
welded with the deck in the horizontal plane.” 


An investigation® carried out under the auspices of the Ukrainian Academy 

of Sciences, Institute of Electric Welding, came to the following conclusion: 
“In 17 out of 19 tests which were performed, the strength of the base metal 
was not found to be reduced by the shrinkage stresses when the construction 
was subjected to static and vibration tests.” 


As a result of these and other investigations, there seems little doubt that 
residual stresses contribute little, if anything, toward reducing the strength 
of welded structures. 

In addition to the above, methods have been found of reducing.and con- 
trolling these residual stresses. The Low Temperature Stress Relief Method 
developed jointly by Sun Shipbuilding Co. and The Linde Air Products has 
been proved to reduce the peak values of these stresses to a very great degree. 
Peening the weld metal and two inches of the adjacent parent metal has also 
proved successful in this respect. 


REACTION STRESSES. 


Reaction stresses are those caused by the external restraint of members. 
If temperature changes or welding shrinkage takes place.in a section under 
external restraint, these reaction stresses develop. 

The Subcommittee on Hull Construction in its tentative report,? “Structural 
Failures in Welded Ship Construction,’’ states: 

“If there is some focal point of high concentration of stress dueé to geo- 

metrical irregularities or poor wor cuagay - a crack is likely to start at 

this point and, if the reaction stresses are high enough, may extend for a 

considerable distance.” 


To cite an example from experience, which in my opinion shows the role 
oe by reaction stresses in loping a struc failure. (See Figure 1.) 

ote that here we have most of the elements of a major ship failure. 

1. A completely brittle failure. 

2. Comparatively low tempezature, 20 degrees to 45 degrees F. 

3. Twenty-five degrees change in temperature within 24 hours. 

4. Excessive flame shrinking taking place and providing additional reaction 
stress and energy to propagate the fracture. 

5. Disregard of good welding practice by crossing an unwelded butt in 
hatch coaming and developing an initial small crack and sharp notch. 


Our experience shows that although reaction stresses cannot be completely 
eliminated, since there is always. some kind-of external restraint present, they 
can be satisfactorily controlled. This is the reason why we developed a com- 
plete and thorough fitting and welding sequence at the Ingalls Shipyard. (See 

per!® written by author in the April 1945 issue of ‘The Welding Journal.”’) 
A well-planned and- carefully controlled: fitting and welding sequence can 
control these reaction stresses... Special measures, including peening of close 
in, final welds, must be resorted to, wherever there is excessive restraint. 


Stress RIsERS AND STRESS CONCENTRATIONS, 


Stress risers are the result of abrupt changes in section in design, or notch 
effects which arise from defective welding, irregular burning, etc. These pre- 
vent the smooth distribution and transmission of stresses. 

The Committee of the Welding Research Council in a statement?’ on ‘Weld 
Stress Problem” declares: 

“There seems.to be general agreement that this one factor. (stress risers) 

overshadows all others, and im combination with low-temperature notch 

sensitive steels and impact loading accounts for most of the trouble.” 
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Fig. 1—Note That Excessive Flame Shrinking and 25° Change 

in Temperature Provided the Reaction Stresses and Energy to 

Propagate Fracture. A Small Crack and Sharp Notch De- 

veloped in Deck Plating When Fillet Weld Crossed the Un- 
welded Butt of Coaming , 


: Fig. 2—Re-design of Abrupt in 
Corn ers, Attachments to Ri: Has 
Fractures at These Locations, 
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A careful investigation of the fractures which have occurred invariably 
leads us to a stress riser as the source. Since this truth stares us in the face 
more sharply every day, it means that the shipbuilder must pay major attention 
to eliminating these sources of fractures, if he is to produce welded ships free 
of failures. 

*_ A thorough analysis of past fractures, especially the more’serious ones, shows 
that they invariably start at one of six specific locations. These locations are: 
. Square hatch corners. 

. Notch or abrupt change in section at the upper edge of the sheer strake. 
. Faulty weld at gunwale connection. 

. Faulty weld at end of Main Deck erection butts. 

. Faulty weld at bulwark and continuity at bulwark butts to main struc- 


ture. 
6. Faulty weld in bilge keel and continuity at bilge keel butts to bilge strake. 


It is obvious therefore that each individual fracture has as its starting point 
a stress riser in the form of poor design or faulty workmanship. As a result 
of requirements? on the part of regulatory bodies, most of the design stress 
risers at the above crucial locations have been eliminated. The hatch corners 
have been reinforced and rounded. (See Figure 2.) The attachments at the 
sheer strake have been either eliminated or redesigned to allow for a smooth 
transmission of stresses. The bilge keel and bulwarks heve been improved 
and no longer allow continuity in way of welded butt joints. (See Figures 
3 and 4.) 

The above-cited measures alone have reduced the fractures in these locations 
to a very great extent. More steps can and are peng taken to further improve 
the design of our ships. In order to guarantee that no detail of design is 
overlooked, the Ingalls Shipbuilding Corp. is carfully reviewing all plans and 
is making alterations where they are justified. 


WORKMANSHIP. 


Given a satisfactory design, the most crucial factor in em ships which 
will be free of fractures, is painstaking workmanship. Although it is under- 
standable, it is quite unfortunate that this was lost sight of, to some extent, 
during the intense effort to fulfill the demands of the shipbuilding program. 
The Ingalls Shipbuilding Corp. is rather proud that it laid major emphasis 
on workmanship all the way through this emergency program. 
he problem of building fine all-welded ships is not something which can 

be discussed and resolved in the abstract. These vessels must be built by a 
designated number of men... If they do not understand the-nature of welding 
and if they do not intelligently use their tools, the product will be inferior. 

There has been a tendency'on the part of some people to say thata ship is 
so large and there is so much welding on it.that it is impossible to ensure that 
all the welding is sound. The fractures which tend to endanger the 100 per cent 
welded ship are not located all over the ship. They are localized to six specific 
locations.. When the problem is approached from this point of view, it is not 
overwhelming. It therefore becomes a relatively simple, but-very important, 
job to guarantee the quality of work at these points. 

There are no deep dark secrets about these danger areas; therefore, the 
builder must make arrangements to take special precautions at these locations. 

Careful pre tion and welding are required at each erection joint of the 
Main Deck. starting and ending points of these welds should be cleaned 
out in way of the welding to the shell and hatch coamings and rewelded. 
(See Figure 5.) These welds should be peened in order to minimize root cracks. 
Back gouging should be carefully carried to sound. metal, (See Figure 6.) 
If the above precautions are followed there is little likelihood of stress risers 
due to faulty welds. 

The upper edge of the sheer strake has already been cleared of abrupt 
changes in design. It will therefore be a comparatively small job to inspect 
the same for notches caused by careless burning, etc. 
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. 3—Re-design and Breaking Continuity at Butt Welds, 
Where They Attach to Shell, Eliminates Possibility of Fracture 
Propagating Into Shell Plate. 
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Fig. 7—A Good Full Penetration Weld, with 
Is Difficult to t. Double Fillet W 
able at Gunwale Connection. 
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The gunwale connection itself should be redesigned from a full penetration 
weld to a double fillet. It is much more simple to deposit a sound fillet weld 
than | to make a good connection out of a badly designed joint. (See 
Figure 7.) All Ingalls vessels have this double fillet at their gunwa.e connec- 
tion, and in no case has this been a source of fracture. 

The bilge keel and bulwark butts can be carefully prepared and welded. 
There are not too many of these to make the job complicated. Already the 
discontinuity in present design allows a considerable safety factor. 

It is thérefore fairly evident that these special measures at a limited number 
of important locations are entirely in order and surely justify the full attention 
of the builder. Although these safeguards should be part of the regular pro- 
duction process, rigid inspection, including X-ray, if necessary, can further 
guarantee that the workmanship is on the highest quality. 


Low TEMPERATURE. 


At com tively low temperatures, ship steel develops high notch sensi- 
tivity. is characteristic of steel contributes to failures in the presence of 
a sharp notch. It therefore follows that either the notches must be eliminated 
or a steel must be found which has low notch sensitivity at low temperatures. 
Such a steel has already been suggested, with low carbon, high manganese 
and some aluminum. 

It should be kept in mind that notches in design or workmanship are still 
undesirable even for a steel of low notch sensitivity. Therefore, we again end 
up with the need to eliminate stress risers and stress concentrations. [t is 
my opinion that these have and can be eliminated where proper control has 
been exercised. 

It ought to be mentioned at this time that investigations have shown that 
the notch sensitivity of the weld metal is not greater than that of the base 
metal. It is a rather common observation that those fractures that do start 
in the weld invariably tend to propagate in the adjacent parent metal. 

Another important point, I would like to call attention to, is that in the 
absence of a sharp notch, a welded structure develops practically its full 
strength. Mr. Leon C. Bibber, in his paper® delivered to the Society of Naval 
Architects and Marine Engineers, states the following: 


“Tt is seen that these specimens made of thick plate and containing these 
residual stresses, when tested at the relatively low temperature of +20 

egrees F. were capable of developing practically the full ultimate strength 
and elongation attained from a virgin base metal specimen, certainly more 
strength and elongation than the joint could be called upon to develop in 
a ship.” 
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Fig. 8—Data on Box Girder No. 1. Practically Full Strength of 
Girder Utilized Before Fracture Occurred 
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Fig. 9—Box Girder No. 1 Ready to Be Tested at National Bureau. 
of Standards, Wash., D. C. Box Girder No. 1 Was Built at 
alls Shipbuilding Corp. Five More Will Be Built as Part 

of the Same Program, 
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I also expect that the vesting of Box Girder No. 2 at the National Bureau 
of Standards at —40 degrees F. will show similar results, in the absence of a 
notch, and despite the presence of multi-directional constraint. 


In examining the fractures which have occurred, the fact that the failures 
were brittle in character and that no or little plastic flow took place, stands 
out. Toa certain extent this is attributed to the presence of multi-directional 
constraint characteristic of a ship's design. Again referring to the test of Box 
Girder No. 1, at the National Bureau of Standards, we see that despite the 
severe constraint, the brittle fracture and the maximum of 2.1 per cent reduc- 
tion in thickness at the fracture, the girder did not fail until practically its 
entire strength was utilized. (See Figures 8-11.) This failure took place after 
about 8 inches deflection from the neutral axis, and about 6 inches perma- 
nent ‘‘set.”’ 

It does not seem, therefore, that the great rigidity of this 9-ton girder, built 
from 24-inch and 1%-inch plate, decreased the over-all strength under a test 
of static loading. There is no doubt that the design did contribute toward 
developing a brittle type of failure. 

If this test can be taken for an indication, it seems tome that the rigidity 
or multi-directional constraint existent in welded ships does not reduce their 
ultimate strength and therefore make them more susceptible to failure. We 
do: know that the normal ‘‘working,”’ hogging and sagging, of the all-welded 
ship is not hampered by its welded joints. 

There is no question that much more can be done to further investigate 
this problem. 


Fig. 12—Typical Designs for Crack ‘Stoppers. These Will Be 
Tested as Part of Program at National Bureau of Standards. 


ABSENCE OF CRACK STOPPERS IN ALL-WELDED SHIPs. 


It is true that all-welded ships today do not have crack stoppers. However, 
iven a ship which has been carefully constructed, it is the contention of the 
ja Shipbuilding Corp. that this requirement is unnecessary. We feel that 
the real problem is to stop the crack from starting. If all hands concentrate 
on improving design and achieving superior workmanship, the theory of sup- 
plying crack stoppers becomes superfluous. S 
Despite the foregoing, future tests have been planned to investigate the 
possibilities of developing a welded type of crack stopper: These tests are 
t of Ms program‘ conducted at the National Bureau of Standards. (See 
igure 12. 
e should also keep in mind that despite the low notch toughness of ship 
steel, a very low proportion of ship fractures have propagated from one 
strength member to another, fn 


WARTIME OPERATING CONDITIONS. 


The abuse taken by our ships during the war, such as overloading, pushing 
full speed ahead in bad weather to maintain position in a convoy, etc., 
been listed as a contributing factor in developing fractures. is no 
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reason to believe that private owners will mistreat their ships in this manner 
after the war. 


S.S. “SEA Porporse.”’ 


A good deal of attention has been paid to the fractures which have developed 
and in a sense this is good because it has laid the preconditions for eliminating 
the causes. However, comparatively little has been said of the terrific punish- 
ment taken by some of the all-welded ships. Statistics do show that of the 
all-welded ships built, 85.6 per cent have developed no sign of fracture as of 
June 1944, pite the shortcomings of wartime shipbuilding and ship 

ration. 

go this point, I would like to call attention to a ship, S.S. Sea Porpoise, built 
by. Ingalls as a C3-S -A2 vessel, and converted to an Army transport. This 
ship underwent an experience, the survival of which I believe can be attributed 
to the fact that it was of welded construction. A severe underwater explosion 
took place beneath the bottom at midships, causing a tremendous upward 
pressure, bodily lifting the vessel from 2 to 3 feet, according to Lieutenant 
Commander E. V. Williams, then first mate and now master of the vessel. 

‘Although buckling took place on the shell between two frames on the star- 
board side, extending from the flat keel to the sheer strake, not a single leak 
developed in the weld or plating. A small leak did finally develop in the flat 
bottom at the longitudinal girder in the cofferdam when the ship was lifted 
out of the water in drydock. As a result of the explosion, the severe hogging 
action did develop three small fractures in the shelter deck at three square 
hatch corners. Other structural, piping and machinery d was sustained 
below the shelter deck, but these did not affect the basic hull structure. No 
damage was found at the gunwale connection. (See Figures 13-15.) 

The terrific punishment taken by this ship is surely a testimony to all- 
welded ship construction. It is also high praise for the work done at Ingalls 
for ‘not a single weld installed by. the Ingalls snipers during the original 
construction of the ship showed a sign of failure. Keeping this in mind, and 
with our present improved design, it would surely be a step backwards to 
require a riveted gunwale bar on this.type of ship. 
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CONCLUSION. 


I am not offering this paper with the thought that the last words have been 
said concerning he building of 100 per cent welded ships. There are still 
many problems to be solved, and -there is much research work to be done. 
However, it is my firm belief that the theory of completely welding large 
. structures such as ships, should not be discarded at this time. 

Peacetime standards and highly skilled workmen will remain in the ship- 
yards which will continue operating. Added to this, careful planning and 
adequate supervision will undoubtedly allow us to overcome the faults of 
hasty wartime-construction. We have and will continue to build cheaper, 
faster and stronger welded ships. 

I would like to conclude with some pertinent remarks made by the Sub- 
committee on Hull Construction in its report? on structural failures: 

“Probably the test source of trouble under present conditions is over- 

confidence on the | part of production workers and supervision who have 

violated rules of procedure in the past without apparent trouble and who 

fail to realize that the margin of safety may be entirely destroyed by a 

combination of circumstances in another case. 

ae” tly informed and adequate supervision, not only in welding but in 

epartments preparing the materials for welding, is a necessary factor 
in control.” 
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THE DESIGN AND METHODS OF CONSTRUCTION OF WELDED 

STEEL MERCHANT _ VESSELS — EXHIBIT _IV — SURVEY sad 
RESEARCH .PROJECTS, APRIL, 1, 1945, 


’ This portion of the*subject‘report is particularly interesting and valuable 
since it summarizes the ‘theofetical considerations to date.” 
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I. INTRODUCTION. 


As a result of structural failures of welded ships numerous research investi- 
pafione were started at the instigation of the Board convened April. 20, 1943, 

y the Secretary of the Navy to investigate the design and methods of con- 
struction of welded steel merchant vessels, and by other governmental and. 
private agencies to determine the relative importance of the various factors 
which at that time were thought to contribute to those failures. 

The research oA 3 te which have been undertaken to determine the 
case 8 of failure in welded steel ships may be classified as follows: 

ign. 

2. Materials. 

3.-Fabrication. 

The Research Advisory Committee, appointed to take cognizance of, coor- 
dinate and evaluate all research work which is considered to have a bearin 
on the problem, hereby attempts for the first time to evaluate the results o 
these investigations. 

In presenting this summary, the Committee desires to draw attention to 
the fact that the majority of the results obtained to date deal with the subject 
of fabrication and in particular with that of residual welding stresses. This 
emphasis on residual welding stresses reflects the importance. which was 
attached to this subject by the majority of the technical personnel in the 
industry, when the research program was initiated, whereas the full significance 
of the type of fracture encountered in ship failures was not recognized until 
recently. The studies now under way on materials have not proceeded to the 
point where final conclusions based on complete test data may be presented, 
even though during the last six months greater emphasis has been’placed on 
the investigations of niaterials. 


Il. Discussion or RESULTS. 


1. Designi—-Full-scale’ tests on welded ships have corroborated earlier 
experiments in riveted ships and confirmed the validity of the basic analytical 
methods in calculating the stresses in the main hull girder. Application of this: 
method to present welded ships indicates a general level of stresses comparable 
to those of riveted ships. TFhere are several research projects which have con- 
tributed significantly to design details. These projects have investigated stress 
distributions on board ‘ship during loading and at sea, around such structural 
discontinuities as hatch-corners, and much experimental data are at present 
being analyzed. “In one investigation a strain concentration of 7 was measured: 
at'sea. This unexpectedly high value is’ of great significance and: warrants 
considerable additional research. 

2. Materials.—A substantial random seiection consisting of 257. samples of 
steel was collected from the stock and scrap piles of shipyards co1structinz 
merchant ‘vessels; 1028 tensile tests from these samples indicated that prac- » 
tically all of this steel complied with existing specifications for :physical . 

rties. 
— otched-bar impact tests on rimmed, semikilled and fully killed grades of 
ship: steel ‘have shown that the transition from ductile ‘to brittle behavior 
occurs at a rélatively- low. temperature for fully killed steel, at a temperature 
as high as 90:degrees: F. for some heats of rimmed steel, and’ at intermediate 
temperatures for semikilled grades. Some semikilled grades had ‘transition 
temperatures as high as some of the rimmed steel heats. 

Charpy impact tests have shown that the notch toughness of weld metal, 
including the heat-affected zone, is equal to.or better than that.of the base 


metal. 

TTeste. of large, tubular imens 34 inch thick under conditions of biaxial 
stress and —40 degrees F. temperature have produced brittle failures on 
semikilled ship plate exhibited as little plastic flow as has been observed on 
ship failures. The magnitude of stress at. which such failures were produced 


was considerably below that of the uniaxial coupon stress. 
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Line Project Locatton 


‘Description Pomplete 


Residual stress vs 
pallistic perform 
Bnce armor 


100% 


On 1" arnost plate, resirtual stresses(1) are 
stress through thickness approximately =0(2) sre’ 
not influented by different Sameer (3) do not 
in shook 


2, 


Residual stresses -~ 
hip welding 


1" plate tebtaa ~ hesidual weld stresses are (1) 
high longitudinally (47,000 P.s.I. Tension), (2) 
= transversely (15,000 P,S,I, tension or compres~_ 
sion), (3) waffected by sequence in free assen- 
blies, (hb) reduced by (A) block welding, ( 

trolled low 
loading, (D) specisl -peening 


B) 
temperature strees relief, {c) wechanical | 


3. | | 


Prack sensitivity. 
welds 


Stress pattems in 1/1." and 1/2" butt welds in ship 
plate using several types of electrodes and with 
various degrees of restraint have been. de’ 

and indications of stresses necessary to Produce 
cracking obtained. 


| | Puctdlity - welded | 100% | Temperature lat which brittle fracture occurs i 
used, (2) whether welded or unwelded, (3) in welded’: 
spec » Whether as welded or polished. : 
S | | History - residual 80% 1) Average fore and aft stresses in pletes | 


hy from welds) are 
2,000 to 6,000 P.S.1. from to com 
pleted Liberty ships, (2) residual stresses in deck 
welds in old and new liberty ships and sub-assem- 
blies show no significant differences. The magni< 
tude of the longitudinal styesses are in the region 
of 35,000 to 10,000 P.S.I. in tension, 
(il. ships tested) 
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Line |Project location] Description 


Teeny 


Complete 


6° 


Nulti-axial stress 
iship steel - large 
tubes - welded 


“Jbi~axiel loading, (1) RIA ‘sonable ductility is ex- 


-jing, (1) cleavage fractures with low ductili 


A = on larye Welded tubes (20" dia., 10' L6) under 


hibited at roum tempe 

ratio and/or revidval stress present. (2). at = 
brittle failures of the type encountered in ships. 
occurred in av-welded tubes. 

B= on flat novehed specimens under | 


ty oceur 
ion some ship plate at room temperature, (2) brittle 
fractures ruth ultimate average stress of 30,000 
P.S.I. occur at+ 32°F on some ship plate with cer- 
notches. 
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ti-axial stress 
Ship steel - Small 


Welded and wowelded tubes under bi-axial loading at. 


Toom temperature exhibit good The true 
stress at fracture is somewhet lower than uni-exial 
test 


+ 


p.300" dia.) 


an room temperature ghows 
higher ultinate energy sheorption. 


9 Wmo-86 Weldsbility - creck 25% |(See No. 10) 
pensitivity - Stee 
10 [BATTELLE fetellurgy - Steel] 25% date all work has been formed on 


medium steel Will also be 


significant change in ductility. ee 


killed ship steel 
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SURVEY OF RESEARCH 
Pertaining to 
Investigation of Welded Ships 


Results 


A cargo hateh comer detail has been selected as the 
structural speciment to be used. Stress distributiong 
around liberty ship hatch corner obtained during 
loading and at sea. Strein conéentration of seven 
obtained at hatch corner in moderate sea, 


Cleavage fractury 
flat plates - 
rimmed and killes 
ship steel 


Interral notches terminating in jeweler's saw cut, 
and fatigue crack all produce cleavage frecture at 
same temperature, same ene absorption. Energy 
absorption and average ultimate rapidly 
as notch width to specimen width ratio increases. 


Dev. new notch 
sensitivity test 
Ship steel 


No results as yet. 


Hatch comer 
Study - Full 
scale 


Extensive data being analyzed, Report in Preparation, 


Hatch 
study (Photo - 
elastic models) 


No results available - difficulties have been ex- 
perienced in building models, 


Stresses Veld- 
ed ships 


(1)Pore and aft stresses in deck plates ‘away from 
welds) in completed liberty ships average 8500 P,5.1 
in compression, (2)The longitutinal resideal weld 
stresses in the decks of completed liberty ships are 
in the region of 35,000 to 40,000 P.S.I. in tension 
(See also No.5) (Five vessels investiceted) 


Rel 4 on decks of completed 
an.” ships confirm findings of projects (5) and 


Riesiduel stresses in deck an4 shell plating welds | 
can be reduced 50% or better by this method on butt 
welds. 


Welds parallel to load decrease ductility but do 
not affect strength relative tc coupon, cleavage 
fracture docs not necessarily indicate lack of 
ductility, structural discontinuities are points of 
weakness ever under static load. At corresponding 
tenperatures notch-bar toughness of base metal, 
fusion zone and weld metal compare favorably at 
room temperature and 20°F, both as-welred and 
Stress-relieved specimens exhibit good ductility, 
although ductility of the latter is somewhat better, 


No results as yet 


No results pertinent to investigation to date 


‘Results not nertinent to: investigation: 


§.Y.N.Y. 


No results available as yet. 


0.5.0.6, 


No results available as yet. 


U.S.N.E.E.S, 


“|Report requested. 
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SURVEY OF 
Investigation of Ships 


Percent 
Project } |. Complete Tosults 


U.S. 100% (TY) 18 sheared and strip mill steels from six 
spec. h6-5-5. (2) 


no better than rimmed steels (d) normalizing tends 
to, ieprove all values, 


| Ko results as yet 


Resdtiual stress & No results as yet 
}constraint welded 
structures 


Residual stresses No results as yet , 
jwelding 


| Peening Insufficient data presented to properly justify 
conclusions, 


Brittle fracture Brittle cleavage fr: produced in snip plate at 
studies = notched *32°F,. with internal notch, after straining and 
ship plate seis: Average ultimate stress at fracture 35,000 


Tension tests On rimmed steel tested, (1) cleavage fracture occur 

notched plates - up to 90°F. (2) energy absorption decreases as 

narrow bars | temperature decreases (3) energy absorption is much 
creater with narrow notches, shit 
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Tests of large notched plates 34 inch thick of ship steel under’ uniaxial 
tension load have produced brittle failures. with low plastic flow at tempera- 
tures as high as 90 degrees F. At temperatures of 32 degrees F. brittle failure 
was produced in the case of one plate 72,inches wide at 29,000 psi, average 
stress in the net cross section. 

It is believed that the lack of notch totighness at low temperatures, and the 
loss of strength and ductility, under multiaxial stresses of shipbuilding steels 
is a prime factor in the failure of welded ships... It should be noted that these 
properties are not recognized in the existing specifications. 

Investigations are now in progress to secure additional data on the strengths 
of different types of ship plate when subjected to multiaxial stresses at various 
temperatures. These studies include the testing, of large tubular specimens 
under biaxial tension, of notched plate specimens and of full-scale portions of 
structure. 

. Fabrication.—As mentioned in the introduction, the large part of the 
investigation covering this subject has thus far dealt with the mattér of 
residual ‘and ‘locked-in stresses where the former’ are envisaged as beitig the 
by-product of welding unrestrained members, whereas the latter include also 
stresses resulting from other fabrication and assembly’ processes. 

(a) Residual Welding Stresses.—It has been established ‘that a reproducible 
pattern of high longitudinal tension stress and low transverse’ stress exists in 
all butt-welded joints in free ship subassemblies: ‘The magnitude of these 
stresses in such subassemblies is not appreciably modified by welding sequence. 
Residual stresses are not affected by the type of electrode:commonly used for 
ship fabrication nor by 'the use of austenitic 18-8-electrode. SESE RPK 

he above must not be construed to mean that proper welding of erection 


1 
a 
301 
+ + — { 
Venctch tests show (a) rimmed steels in general j 
show lower notch-toughness values than semi-killed d 
steels (b) transition temperature to brittle frac- ; 
ture in line 21 occurs at higher temperature for 
rimmed steels (c) some heats of semi-killed steels P 
Multi-axial ten- 
BU.STDS. 
BRLYN, 
POLY. 
U.S.C.G. | MODEL 
BASIN | | 
if 
{ 
4 
£ 


302 NOTES. 


sequences are not important in preventing cracking and distortion during 
construction. 

It has been determined that°’with' a’ particular method of block-weldin 
procedure in which block welds of not more than 5 inches in length are used 
a reduction in the proms Recewery welding stress of approximately 50 per 
__cent is possible. It should be noted, however, that this method requires that_ 
the temperature of the welded block be 125 degrees F. or less. before the next 
succeeding block is deposited.» The method appears to have merit for special 
application, but because of the obvious loss of welding time does not appear 
-suitable:for general. use in ship welding. 

The residual welding stresses may be reduced 50 per cent or more in case of | 
simple butt-welded joints in free subassemblies, by the application of a con- 
trolled low-temperature stress-relieving treatment, producing a temperature 
differential between the weld and base metal. Its effectiveness in geometri- 
cally more complex joints or structures has not been.so far demonstrated. 

Peening the last pass of the welds will also materially reduce the magnitude 
of residual welding stresses. On the basis of investigations performed, it does 
' not appear that peening other passes than the last will affect reductions of 
final residual stresses. This statement, however, must not be construed to 
mean that peening intermediate and root passes is not helpful in preventing 
weld cracking and in controlling distortion. . 

It has been “found that residual welding stresses can be rélieved by the 
. application of external load causing plastic flow of the weld’ metal and adjacent . 
area... Conditions of external restraint tending to inhibit. plastic flow inthe 
weld area will reduce the amount.of stress relief taking place. Suciv conditions 

apparently exist in varying degrees on board ship because on eight Liberty 
ships investigated to date the residual stresses in the deck joints abreast of 
'-No. 3 hatch were not “‘worked out” or even reduced significantly after con-~ 
siderable service. -A small reduction of residual stress was observed on two 
tankers subjected to sévere hogging and sagging tests, but the magnitude of 
reduction was very much less~than what could be expected in unrestrained 
welds subjected to the same~ unit loadings. Preheating ship steel up to 375 
degrees F. does not achieve significant reductions in residual welding stresses. 
ests of large tensile specimens of ship steel up to 30 square inches in cross- 
sectional area were made in order to compare ‘“‘as-rolled”’ plate with longi- 
tudinally welded plates both in the “‘as-welded’’ and stress-relieved conditions. 
Those tests showed that the elongations of ‘‘as-welded”’ plates were somewhat 
less than those obtained in either ‘‘as-rolled’’ plate or welded plate which had 
been stress relieved. However, the large amount of plastic flow which preceded 
failure in the “as-welded” plates does not in any way duplicate the brittle 
fractures with barely measurable plastic flow which have been characteristic 
of the ship failures. 

Tests of large tubes of both %4- and 34-inch thick ship plate, in both stress- 
relieved and ‘‘as-welded”’ conditions, subjected to biaxial tension stresses again 
indicated ability of plate and welds to undergo large plastic flows irrespective 
of the presence of residual welding stresses. 

In general, it may be concluded that the contribution of the residual weldi 
stresses to the failure of welded steel ships has not yet been fully determined. 
Preliminary results of all investigations of this subject indicate to date that 
residual stresses do not contribute to the failure of welded structures except 
possibly under some special conditions of stress, inhibiting shear flow. 

Some indications exist that the effect of metallurgical changes caused by 
welding process is more important in the properties, of welded structures than 
that of residual welding stresses. 

(b), Locked-In, Stresses—Considerable research is now in progress. investi- 
gating the magnitude of the locked-in stresses which are defined as all stresses 
resulting from fabrication and assembly processes. 

Up to the present! time no tensile locked-in stresses‘ have ‘been ‘observed in 
deck plate of approximately 30) ships: investigated by ‘three. independent 
agencies and representing ships built in a variety of shipyards and ‘with a 
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number of erection sequences. The locked-in deck plate stresses are of the 
order of 4000-8000 psi. in compression in the fore and aft direction, 

Investigation of entrin stresses is being continued to include effect of 
unusual climatic conditions. 


ITI. Concrustons. 


pi nad the basis of the data available to date, the following conclusions are 
raw: 

1, Residual welding stresses do not contribute materially to the failure of 
welded structures. 

2. Locked-in stresses in the deck plating (away from welds) of completed 
am compressive and of low magnitude (4000-8000 psi.). . 

Residual welding. stresses in completed vessels are not appreciably 
by normal service. 

4. Lack of notch toughness at low temperature and loss of strength and 
ductility under multiaxial stresses, of steels used in ship building is a prime 
factor in the failure of welded ships. 

5. Large tubular specimens of ship steel, with and without welds, tested 
under biaxial tension and especially at low temperature, show great reduction 
in strength and ductility as compared with results from usual tensile tests at 
corresponding temperatures. At —40 degrees F. lack of plastic flow was 
comparable to that found.on ship fracture. 

6. Large notched specimens of ship plate tested at 32 degrees F.. produced 
brittle failures at half the nominal strength with lack of plastic flow comparable 
to ship fractures. 

ery high stress concentrations exist in the hull structure of ships. A 
strain concentration of 7 has actuaily been measured on a cargo hatch corner, 
the vessel being at sea. 

8. Welding sequence'in general has no effect upon the magnitude of residual 
welding stresses in free subassemblies. 

9. Residual welding stresses may be reduced by peening the last ‘pass of 
manual welds. 

10. Residual stresses are not reduced by preheating up to 375 degrees F. 

It must be reiterated that the above conclusions are based on data produced 
to date. Additional data which are expected shortly from the research now 
pened way may necessitate revisions or modifications of some of these 
conclusions. 


RADAR COUNTERMEASURES. 
This article is a simple explanation of the iy ta of radar counter- 
iced 


measure equipment for the layman. It is re rom the January 1946 
issue of “Product Engineering.” : 

‘The new eyes which radar has supplied can sometimes be blinded by new 
scientific "Dr. VANNEVAR Buss. 

In a joint release by the Army, Navy and the Office of Scientific Research 
and Development, another war secret—electronic warfare—is revealed. Over- 
shiadowed only by the weapon of radar itself, the imagination is staggered by 
the vast amount of energy, electromagnetic and human, expended in blotting 
out ‘the enemy’s radar sets. 

Several weaknesses of radar lent themselves to mee rane both by the 
‘Germans and the Allies. An examination of these weaknesses will prove useful 
in discussing the counter-radar devices which were ss during the war. 

‘Radar ‘stations sent out radio impulses of tremendous strength; all that is 
needed to detect these sij ls is a special receiver which can tune to the 
extremely short wavelength used by radar. This represents the first weakness 
of radio location. Second, a radar set betrays not only its'existence, but also 
its exact location, ‘A ftadio direction finder: makes it’ possible to determine’ 
direction from which the signal is coming: ” 


é 
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A third weakness of radar sets is.the fact that the echo returned from most 
targets is weak in strength. The sound returned from the cliff is many times 
weaker than the man’s original shout. A fairly weak noise, therefore, would 
suffice to cover up the echo. A second man, standing on the cliff and shouting 
continuously, would prevent the first man from hearing his own echo. 

Radars can be blinded in the same way. It is only necessary to provide 
the target with a device which sends out a radio signal capable of covering up 
the signals reflected back to the radar by the target. This process is known 
as electronic jamming. Because each radar set operates on a particular fre- 
quency channel, it is necessary that the jammer—which is fundamentally a 
small radio transmitter—be tuned to that same channel. 

A practical radar jammer consists of a tunable radio transmitter provided 
with a type of modulation which is especially ‘suited to drowning out radar 
echoes. Any home radio owner who uses an electric razor has a good idea of 
what such interference means. It has been found that the most effective radar 
jamming signal is simply a hissing noise similar to the background noise heard 
in sensitive radio receivers when no program is being received. Such a signal 
is said to have a “random noise modulation.” Y 

When picked up on a radio receiver equipped with a loudspeaker, a noise 
jammiing signal sounds like a hiss. A radar, however, presents the information 
it received not auraliy but visually. Signals appear as patterns’on the face 
of a cathode-ray tube. As seen on this tube the “noise” iooks like many fine 
blades of grass moving about in a random fashion. Echoes from airplanes, 
which are usually er utd as vertical spikes on the radar scope, simply 
disappear and become lost in the “grass.” 


WInDow. 


A further weakness of radar sets is the circumstance that they cannot 
distinguish the nature of small targets. One small object, capable of return- 
ing an echo, looks to a radar just about the same as another. To a radar, an 
airplane or a ship is a small object.. It has been found that a number of thin 
metallic strips, cut to a length proportional to the wave length used by a.radar, 
can return a remarkably. strong. echo to. that equipment... In fact, several 
thousands of these thin metallic strips, packaged in a small bundle weighing 
less than 2 ounces, will give a radar echo signal equivalent to.one bomber, 
wien the strips are ejected from a, plane and allowed to fall freely through 
the air. 

The phenomenon is one of resonance. The metallic strips, designated by 
the code name ‘‘Window,”’ are resonant at the frequency of the radio waves 
sent by radar; in this way a relatively small, number of strips can return an 
echo equal to that from a large metal object such as an airplane. ; 

.If.a number of Window packets ate dropped out of a plane in succession, a 
trail is produced in which a tadar can no longer —— a reql target? The 
echo from an aircraft is simply lost among the echoes from the Window.’ It is 
much as if the planes were being concealed by a smoke screen of metallic foil. 

Like radar itself, radar countermeasures were developed by many cooperat-. 
ing ‘agencies. Most.of the research on this development, however, was done 
at the Harvard. Radio Laboratory, under Division of 15 of the National: De- 
fense Research Committee, and was financed by governiaent funds through 
the Office of Scientific Research and Development. 

One of. the most ingenious countermeasures. developed by the Harvard 
Laboratory was a device known as ‘‘Tuba’’—a tremendously powerful jam- 
ming transmitter developed for use against German night fighters. In addition 
to its countermeasures applications, It was certainly one of the outstanding 
individual scientific-achievements of the war. 

The problem was. to create a device to blind the. German night 
fighters; which in 1942 took a heavy toll of British night bombers, The German 


fighters used an air-borne interception radar known, as “Lichtenstein” for 
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Tuis Opp-Looxinc “HatF-Cueese” ANTENNA, Part or “Tusa,” Is 

SIGNED To Give a BEAM VERY SHARP IN THE VERTICAL PLANE, AND RELA- 

TIVELY Broap In THE HorizontaL Prange. THis ANTENNA Is UNIQUE 

in Ir Over aw UNusuALLy Wipe Frequency RANGE. 

Tue “Hatr-Cueese” Is REALLY A ReFLector, ExciTep BY THE WAVEGUIDE 
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Nacy Photographs 


TypicaAL RADAR COUNTERMEASURE INSTALLATION ABOARD Suip: A, EQuip- 

MENT FoR PicKinG Up, ANALYZING AND DETERMINING DIRECTION OF ENEMY 

Rapar Purses; B, JAMMING TRANSMITTER; C, AND D, ANTENNAS USED IN 
LocATING AND JAMMING ENEMY RADAR. : 


close-range location of their targets. Against them the British found it imprac- 
tical to use jammers carried in their bombers, because the jammer i pro- 
vided a signal which the German fighters could use to locate the bomber. A 
radio signal, including a jamming one, betrays the direction from which it 
comes and even though a jammer might blot out a German scope, making it 
impossible to find the range, the German could find the bomber simply by 
following the signal in. 

But the German night fighters usually did not reach their prey until after 
the British bombers were flying home from their mission. Someone su 
why not set up a very high-powered jammer in England to blind the German 
fighters’ radar as they flew toward it in pursuit of the homeward bound 
bombers? It would be a blinding beam ‘‘shining”’ in the German “‘eyes”’ (i.e., 
ag radar antennas)—through which the bombers could fly to their bases 
in safety. 

A jammer of this sort obviously would require enormous‘power. It was 
calculated that it would need power a thousandfold more than any previously 
attained in the frequency range of operation involved, which in itself was 10 
times higher than that used for frequency modulation and television. 

It appeared possible to solve the power problem by means of a remarkable 
vacuum tube, developed in the United States, known as the ‘‘Resnatron.”’ 
This NDRC development, sponsored by the Signal Corps, was so promising 
that the British immediately placed a lend-lease order in the United States 
for a complete jamming system based on its use. 

Since the experimental model used a huge parabolic antenna, the project 
was promptly nick-named ‘Tuba,’ to distinguish it from smaller projects 
already known as “‘Piccolo,’’ ‘‘Flute,”’ and the like. 
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“All Sorts Of difficult technical problems had to be solved: It was necessary 
to build a resnatron that would be tunable over a wide frequency range 
(because the Germans could change the frequency of their radars by slight 
modifications). This had been thought incompatible with high power, But 
a tunable resnatron was produced in one of the industrial laboratories. Also 
it was necessary to find a way to modulate the resnatron’s output with the 
random ‘‘noise’’ necessary for jamming, but this too was accomplished and 
by January 1944 a workable instrument had passed its test. 

Its power was comparable with that.of the most powerful United States 
broadcasting station (50,000 watts), yet the frequency of operation was 500 
times as high. The whole instrument, together with all its associated equip- 
ment and its primary power generator, was loaded in seven Army trucks. 

By June 1944, the complete jamming system had been shipped to England 
and was in operation against the enemy—a remarkable achievement when 
one considers that the equipment-was still in the ig oe stage when work 
early in 1943, NDRC scientists were flown to Great Britain to help set up 
the equipment and train the RAF in its use. 


Postwar PossiBILitTIEs. 


There has been a steady trend, in past radio development work, in the 
direction of higher and higher frequencies. First came broadcast radio, then 
shortwave radio and finally FM. This trend has been enormously accelerated 
during the war by the need for radar and allied devices. However, much of 
the radar technique—such as the pulse-echo method itself—is highly special- 
ized. Counter-measures development work, on the other hand, has been con- 
cerned with continuous-wave techniques similar to those used in ordinary 

¢ new developments embodied in the design of countermeasures. equip- 
ment represent the very developments which will be needed to solve many 
postwar problems and to make applications possible. 

sically, much countermeasures research was directed toward the improv- 
ing and deyelopment of radio transmitters and receivers of a type very similar 
to those which will be used in postwar FM, television, and radio relay 
transmission. 
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SANNUAL: BANQUET, 


_ The annyal bariquet of the Society was held at the Hotel Statler 
in Washington on April 5, 1946. It proved to be one of the out- 
standing events in our history: Vice Admiral E, L. Cochrane, 
Chief of the Bureau of Ships, Navy Department, was the Toast- 
master. Speakers were Dr. Vannevar Bush, President of Carnegie 
Institution of Washington, and Vice Admiral Charles A, Lock- 
wood, U. S. Navy. Special guests of the Society included Rear 
Admiral C. L. Brand, U. S. N., Vice Admiral W. S. Farber, 
U. S. N., Admiral Joseph F. Farley’ U. S. C. G., Rear Admiral 
H. S. Howard, U. S. N., Admiral of the Fleet E. J. King, U. S. N., 
Rear Admiral J. J. N., Admiral S. S. Robison, 
U. S. N., Ret., Lt. Col. D. M. Stonecliffe, U./S..M. C., Capt. J. B. 
W. Waller, U S N., Rear Admiral Henry Williams, U. S. N. 

The text of the speeches will be, found in this issue of the 
JOURNAL. 

Prize Essay: The prize offered by, the Society for the best 
article submitted by a Naval Reserve Officer during 1945 on the 
general subject of Engineering as Seen by a Naval Reserve 
Officer was awarded to Commander Donald L. Herr, U.S. N. R. 
It is published in this issue of the JouRNAL, 

Change in Council: Lieut. Commander Kenneth H. Heenon, 
U. S. N. R., resigned as a member of the Council of the Society 
consequent on his detachment, from duty in Washington. The 
Council has appointed Captain Robert E. Coombs, U. S. C. G, R., 
to fill the vacancy. 

Membership: The following have iene the Society si since the 
publication of the February, 1946, JourNaL: 


NAVAL. 
(Addresses of” Members on Ships Omitted). 


Andersen, Roland Miller, Lieut.” U.' R., 
Anthony, Frank, Lieut., U. S; N 
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Ashton, Robert K., Commander, U. S. N. R., 
321 E. Luiks St., Rhinelander, Wis. 
Bang, Bernhard A.; Ensign, U: 8. N. 
Bartol, John A., Commander, U. S. N. 
Bernstein, H. E. Capt., U. S. N., 
200 F St., N. W., Empire Apts., Washington, D. C. 
Blackwood, Herbert B., Commander, U. S. N., 
Material Laboratory, Bldg. 29, U..S. 1, 
N.Y. 
Blake, James C., Captain, U. N. 
1629 Mt. Pl, Parkfairfax, Alexandria, Va. 
Blanchett, Robert L., Lieut. Commander, U. S. C. G., 
606 So. Barton St, Arlington, Va. 
Bobenage, Gregory P., Lieut., U.S. N. R., 
176 Fifth St., Conemaugh, Pa. 
Boyce, T. E., Captain, U. S.N., 
Naval Boiler & Turbine Laboratory, Naval Shipyard, 
Philadelphia, Pa. 
Brouk, Bernard C., Lieut. Commander, U. S. N. R., 
Xureau of Ships, Navy Dept. 
Brown, J. H., Lieut., U. S. N. R. 
Bull, W. I., Commander, U.S. N., 
2017 Belmont Road, N. W., Washington, D, C.,. 
Carlough, Howard S., Ensign, U. S. N. R., 
73 Coles Ave., PA. N. J. 
Cameron, Robert, Chf. Mach., U. 
Carlson, Richard M., Lieut., U. S. N. R,, 
3148 32d Ave., So., Minneapolis, Minn, 
Chiei, Ferdinand, Jr., Ensign, U. S. N. R., 
31-14 77th St., Jamaica Heights, L. I., N, Y. 
Chirillo, August R., Lieut., U. S. N. R., 
87 East 35th St., Brooklyn 3, N. Y. 
Coleman, Thomas F., Lieut., U.S. R., 
155 Pike St., Carbondale, Pa. 
Connolly, M. E., Lieut. Commander, U. S. N. R., 
11 Blanche St., Dorchester 22, Mass. 
Cooke, Harold L., Jr., U.S. N. R. 
Cooper Everett A., Ensign, 
Coulch, John H.j Lieutl, 
204 47th St., Union City, Ni Je 
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Crawford William Elmer, Jr,, Lieut., U.S, N.R.,. 
122 East Club Drive, Pittsburgh’ 10, Pa. 
Cronin, Robert E., Captain, U. S. N., 
2027 34th St., S. E., Washington 20,) D.C. 
Cross, Charles H., Lieut., U. S. N. R., 
6544 18th St. N. E., Seattle 5, Wash: 
Dahlke, Homer O., Captain, U.S, N. 
Danielson, Robert P., Lieut., U. S. N. R:, 
1635 Hinman St., Evanson, Il. 
Davis, F. R,, Lieut. Commander; U. S..N., at 
Governor’s Office, Naval Home, Philadelphia, Pe; 
DeCourcy, William DeWitt, Lieut.,U.S.N. Ry 
233 West William St., Corning, N. Y. 
Deyerling, Carl Lester, Lieut., U.S. N. 
Laboratory Asst., Doehler Die Casting Co. .. 
Mail 44 Clifton St., Batavia, Nu 
Echerd, John Charles, Ensign, U.S. 
P. O. Box 276, Taylorsville, N.C. 
Edwards, Leslie D., Captain, U.S: Ci 
St. Louis District, U. S. Coast Guard, St. Louis, Mo. 
Emberton, George E., Lieut., U.S. N/R, 
351 Vincent Ave., Linbrook, L. I, ,N. ¥. 
Fairlamb, L. Parker, 
Staff Manager, Johns Manville Corp., 826 Woodward Bldg, 
Washington, D. C. 
Farrell, Walter J., Jr., Lieut., U. S. N. 
83 Belltown Road, Stamford, Conn. 
Fenno, Charles A., Jr., Lieut., U. S. N.R., 
1314 E, 55th St., Savannah,Ga. 
Flyke, Milton Joseph, Lieut., U.S. N.. 
Frankel, Samuel Robert, Ensign, U. S,.N. R. 
Frodle, C. L., Chf. Elect., U. S. C. G. 

Fuller, Joe W., Chf. Mach., N. 
Fuller, William E., Lieut., U. $2 a 
Production Div., Puget Sound Navy Yard, naceeilid Wash: 
Gardner, Charles H., Lieut; U. SiN. Ry, .. 
719 Royce St.,,Alfadenia, Calif. 

Gerber Theodore Eugene, Lieut. Commander, Us 8 oR: 
9 Dana St., Cambridge 38, Mass.' to we 
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Gilbert Roy O.,. Jr., Lieut., Si.N., Reto 


care Fairbanks, Morse & 3832 4ist'Ave., N. 


Seattle, Wash. 
Gillespie, H. H., Lieut.,!U)-S: N, 

Bureau of Ships, Navy. Dept. 
Gove, John R., Lieut.; US. N/R, 

107 Churchill Drive, Fayetteville, N.C.’ 
Griffiths, Arthur G., Lieut.,,U. S..N. R: 
Grossman, J., Lieut., U. S. N.R., 

Hull Asst. To Presse vaticht Supt; Shipyard, 

Brooklyn > 
Groupe John S., Lieut., N. R., 

First & Gilbert Sts.; Broomall) Pa. 

Grove, Thomas H., Lieut., U.S. N. R:, 

410 McOmber°St.;: Dowaigiac, Mich: 
Hackbart, Reuben S., Lieut.; Us Nv R., 

474 E. Broadway, Medford, Wis. + | 
Hall, Eugene L., Lieut., U.S. 

118-09 83d St., Kew Gardens, L. I., N. Y. 
Harkey, Jack W,, Lieut.).U.S: Ne 
2853 University Boulevard, Dallas, 5, Texas. . 
Harward Robert S., Lieut, U. S. N,.Ri, 

137 E. 27th St., New York, N. Y. 

Hatch, James D., Mach., U, $..N. 
Hauggeli, Arthur W., Lieut., U. S. N. R,, 

Motor Route, Absecon, N. J. 
Hawkins, Gordon P., Lieut,, U, S. N.,. 

1032 S. Hudson Ave,, Los Angeles, Calif. 
Hezlep, Herbert, Jr., Captain, U.S, N, R., 

2080 Queebery Road, Pasadena, Calif. 
Hinners, Robert A., Captain, U. S. N., 


Quarters “I”, Charleston Navat Shipyard, 


Yard Q, S.C. 
Hoffman, John Frederick, Lieut., U. S. N. R, 
139 E. Ridge St., Coaldale, Pa. 
Holler; Harold C.;'Jr:; Engineer, ..viG aottoubo 
Nordberg Mfg. Co., Milwaukee,’ Wis; 
Mail 307 E. Wilbur Ave., Milwaukee,’ 
Honsinger, Leroy’ V.,: Captain, U. 
Bureau of Ships, Navy Dept: . 
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Horn, Peter Harry, Captain, U.S. N., 
Bureau of Ships, Navy Dept...) 7) } 
Hostutler, Robert F., Lieut,, U. S. N, 
Hull, D. R., Captain, U. S. N., 
912 26th Place S., Arlington, Va..: ald ‘ 
Hunter, C. R., Lieut., U.S. C..G:: 
Jenks, Frank, Lieut., U.S. N. 
72 Orange St., Brooklyn 2, N. ¥.;): 
Jones, A. B., Commander, U, S. N., 
4124 S. 36th St., Arlington, Va: 
Jones, Jack J., Lieut., U. S..N., 
Naval Ammunition Depot, ‘Shumaker, Ark. 
Justice, Richard Rodman, U. S. N. R., 
8713 12th Ave., Inglewood, Calif, | 
Kadison, Stuart L., Lieut.,,U..S. N., 
1624 Nicholson St:, N. W., Washington, D.C. 
Karlson, William R., Lieut, U. S. N. R... 
Kelleher, Edward D., Lieut.,;U.,S, N..R.,: 
701 Crest Ave., Fort Dodge, Iowa. 
Kilgore, James S., Jr., Lieut., U. S. N.,R., 
614 N. Winnetka St., Dallas. 11, 
Killenen, Thomas J., Lieut., U.S. N., 
411 5th St., Fairport Harbor, Ohio 
Klein, Karl W., Commander, U.S, M. S., 
21914 Dolores St., Torrance, Calif. 
Lambert, Richard H., U.S. N., 
6307 Ridgewood Ave., Chevy Chase 15, Md. shies 
625 North Bever St. Woostet! Oo: 
Leising, Charles E., Lieut. Commander, 
90 Washington St., Belmont 78, Mass. ODE 
Leonard, John V., Ensign, U. S. N/R), 
2857 Sedgwick Ave., New York 
Loshing, C. T., Ensign, U. sor 
4023 Schillar Ave., Cleveland 9, Ohio.’ 
Loversky, Cha:les S., Lieut., Sv Ne Ri A 
1345 Western Ave., Glendale 1, Calif. 
MacLennan, James C., Lieut., U. S. \N. 
McCorkle, Jack'Si, Ensign, U.S, N,;R., 
427 Highland Ave., Johnson City, Tenn. 
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McLain, William C., Lieut., U. S. N. R., 
1441 West 4th St., Williamsport 22, Pa. 
McKinnell, Malcolm E., Lieut. Commander, U. S. N. R., 
964 52d St., Brooklyn, N. Y. 
Macfarland, Robert H., Ensign, U.S. N. R., 
2130 W. Spring St., Long Beach, Calif. 
Mahoney, Caphas F., Lieut., U. S.C. G. R., 
P. O. Box 540, Mount Pleasant, S. C. 
Mailander, John H., Lieut., U.S. N. R., 
723 No. Abingdon St., Arlington, Va. 
Martin ,George J., Lieut., U. S. N. R., 
1536 51st St., Brooklyn, N. Y. 
Mattox, V., Mach., U. S.C. G. © 
Meehan, James R., Lieut., U.S. N. R., 
40 3d St., Navy Yard (55) South Carolina 
Methvin, James Robert, Jr., Lieut., U. S. N. 
Miller, Lawrence B., Lieut., U.S. N. R., 
849 Everett St., El Cerrito, Calif. 
Morgan, C. C., Lieut. Commander, U. S. C. G. 
Moulton, Harry D., Jr., Lieut., U. S. N. R. 
1507 South 16th St., East, Salt Lake City, Utah 
Nash, James Russert, Lieut., U. S. N. R., 
1715 So. 8th St., Alhambra, Calif. 
Nolan, James J., Lieut., U. S. N. R., 
3511 Avenue R., Brooklyn, N. Y. 
O’Conner, W., Lieut., U. S. C. G. 
Ohman, Hans E., War. Elect. U. S. C. G. R., 
81 Whitemarsh Ave., Worcester, Mass. 
Pegg, Arthur R., Jr.; Lieut. Commander, U.S. N.R, 
300 East Alhambra Road, Alhambra, Calif. 
Pounds, Truman Edward, Lieut., U. S. N. R., 
1414 So. Marsalis, Dallas 16, Teaxs. 
Price, Charles Philip, Lieut., U. S. N. R., 
6950 Rosewood St., Pittsburgh 8, Pa. 
Puricelli, Remo, Lieut., U. S. N. R., 
12 Sixth St., Barre, Vt 
Reed, Allen Bevins, Captain, U. S..N., Ret., 
Todd Shipyards Corp. 1138 
Washington, D..C. 
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Rumble, C. R., Captain, U. S. N., 

5532 30th Place, N. W., Washington, D. C. 

Russel , S. B., Ensign, U. S. C. G. 

Ryder, Henry S., Lieut. Commander, U. S. N. R., 
Apt. 5-A, Lynden Apts., 3301 West End Ave., 
Nashville, Tenn. 

Sawyer, Lucian Austin, Lieut., U.S. N. R., 

Box 323, Monroe, La. 

Scanlan, Edward J., Lieut., U. S. N. R., 
115 Jackson Ave., Schenectady, N. Y. 

Scott, Edward William, Ensign, U. S. N. R., 
98 Cedar St., Roxbury, Mass. 

Seaward, E. S., Lieut. Commander, U. S. N. R., 

70 Remsen St., Brooklyn 2, N. Y. : 

Sewell, Donald L., Lieut., U. S. N.R., 

4545 Van Noord Ave., North Hollywood, Calif. 

Shoecraft, Charles A., Ensign, U. S. N. R., 

52 Hartshorne St., Reading, Mass. 

Simon, Albert E., Jr., Lieut., U. S. N. R., 
103-26 68th Road, Forest Hills, N: Y. 

Sirotkin, George V. B., Lieut. U. S. N. R., 
7325 W. Lloyd St., Wauwatosa, Wis. 

Smith, Richard B., Ensign, U. S. N., 

Officers’ Organizatient Course, U. S. Naval Training 
Station, Newport, R. I. 

Snagg, Benjamin Thomas, Commander, U, S. N. R., 
204 S. Ward Ave., Compton, Calif. 

Solenberger, Commander E. K., U. S. N. R., 

San Diego Unverway Training Unit, San Diego 47, Calif. 

Sperling, Jesse A., Lieut., U.S. N.R. . 

Staub, Frederick A., Lieut., U. S. N. R. 

Stott; George W., Captain, U. S. N., 

Room 3812, Navy Dept., Washington, D.C. 

Stram, LeRoy, Jr., Lieut., U. S: N. R., 

17565 Woodingham Drive, Detroit 31, Mich. 

Strauss, Philip, Lieut., U. S. N. R., 

2150 Crotona Parkway, Bronx 60, New York, N. Y. 

Swart, Robert Lee, Captain, U. S: N., 

Bureau of Ships, Navy Dept., Washington, D. C. 
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Thompson, Wilbur C., Lieut., U. S. N. R., 
Detroit Ball Bearing Co., 110 W. Alexandrine Ave., 
Detroit 1, Mich. 
Tormey, John Edward, Jr., Ensign, U. S. N. R., 
, 304 Myrtle St., Erie, Pa. 
VanNagell, John R., Captain, U. S. N., 
6405 Maple Ave., Chevy Chase, Md. 
Voripaieff, Alexander, Commander, U.S. N. R., 
care A. M. Byers Co., 30 Rockefeller Plaza, 
New York 20, N. Y. 
Walsh, William J., Lieut., U. S. N. R. 
Waylett, William J., Lieut., U. S. N. R., 
R. D. 2, Watervliet, N. Y. 
; Webb, Harold K., Commander, U. S. N,, 
1819 Versailles St., Alameda, Calif. 
Weir, Thomas E., Ensign, U. S. N. R., 
109 McClanahan PIl., Roanoke, Va. 
Weiss, Richard J., Lieut., U. S. N. R,, 
2941 32d St., New Kensington, Pa. 
Wellbrock, J. Howard, Captain, N., Ret., 
2914 Glover Driveway, Washington 16, D. C. 
Weller, Edward L., Jr., Lieut., U.S. N.R., 
66 Ontario St., Pittsfield, Mass. 
Westin, Lloyd Hudson, Lieut., U. S. N. R., 
Day & Zimmerman, Inc. 
Mail 728 E. Dorset St., Philadelphia, 19, Pa. 
White, Frank C., First Lieut., U. S. M. C., 
11-B Kiaway Homes, Charleston 30, S. C. 
Wilson, Joseph Robert, Ensign, U. S. N. R., 
115 Wakefield St., Sikeston, Mo. 
Wolfson, Milton E., Lieut., U. S. N. R., 
1454 Townsend Ave., Bronx 52, New York, N. Y. 
Yokell, Stanley, Lieut., U. S. N. R. 
Zero, Anthony F., Lieut., U. S. N. R., 
1135 59th St., Brooklyn, N. Y. 


CIvIL. 


Brazell, N. J., Principal Engineer, 
i Bureau of Ships, Navy Dept. 
Mail 5130 Connecticut Ave., N. W., Washington 8, D, C. 
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Bruhn, Ralph A., Engineer, 
Marine Dept., Electric Dynamic Works, Electric Boat Works 
Mail 715 Avenue:C., Bayonne, N. J. 
Canfield, Earl L., President, 
The Sight Light Corporation, Deep River, Conn. 
Connard, George Baer, General Manager, 
Bath Iron Works Corp., Bath, Maine. 
Mail 983 High St., Bath, Maine. 
Dalzell, R. Carson, Chf, Technical Adviser, 
Revere Copper & Brass, Inc., Rome, N. Y. 
Daniels, Frank B., U. S. Maritime Commission, 
Mail 6505 Queens Chapel Road, Hyattsville, Md. 
Doane, L. I., Vice President & General Manager, 
The Sight Light Corporation, Deep River, Conn. 
Emerson, George B., Senior Engineer, 
Bureau of Ships, Navy Dept., Washington, D. C. 
Friauf, James B., 
1411 N. Highland St., Arlington, Va. 
Gale, Alfred G., Head Marine Service Dept., 
Babcock & Wilcox Co., 85 Liberty St., New York 6, N. Y. 
Gibson, William R., Owner & Manager, 
Northwest Filter Co. 
Mail 122 Elliott Ave., West, Seattle 99, Wash. 
Hall, M. E. Manager, 
Electro Dynamic Works, Electric Boat Co., 
Avenue A & North St., Bayonne, N. J. 
Hammond, W. E. Chf. Engrg. Scientific Sec., 
Maritime Commission, 
Mail Glen Echo, Md. 
Hancock, G. E., Jr., Engineer, 
Ingersoll-Rand Co., 1627 K St., N. W., Washington, D. C. 
Harvey, Minor, 
521 N. 42d St., Philadelphia 4, Pa. 
Hathaway, H. Ward, Manager Federal Marine Dept., 
Warren Steam Pump Co., Inc., 
Mail 1 Nelson St,, Warren, Mass. 
Herman, K. R., Vice Pres. & Gen. Mgr. 
Vickers, Inc., 1400 Oakman Boulevard, Detroit 32, Mich. 
Hoadley, Franklin R., President, 
Farrel-Birmingham Co., Chyrsler Building, New York, N. Y. 
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Janssen, A., Sec. Chf. in Chg. Engineering Construction «°° 
& Maintenance, Johns Manville Laboratories, Manville, N. J. 
Jennison, C. L., N. A. Administrative Asst. To Chf., Naval 
Engrg. Div., Coast Guard Headquarters, D. 
Kingsbury, Jesse A., Materials Engineer, 
Naval Gun Factory, Washington, D. C. 
Mail RR No. 3, Box 593, Alexandria, Va. 
Kurz, Charles G., Elec. Engineer, U. S. Maritime Commission, 
Mail 1410 M St., N. W., Washington 5, D.C. 
Lefebvre, Gordon, President, 
Cooper-Bessemer Corporation, Mt. Vernon, Ohio. 
Lighton, Lester E., V. Pres. In Charge Engineering, 
The Electric Storage Battery Co., 19th St. & Allegheny Ave., 
Philadelphia 32, Pa. 
Loomis, C, Alden, 
Bureau of Ships, Navy Dept., Washington, D. C. 
Martin, Roger H., 
B. F. Sturtevant Co., Hyde Park 36, Mass. 
Metzger, Alan F., Elec. Engineer, 
Electric Boat Co., Groton, Conn. 
Mills, Roy P., Asst. Director, Tech. Div., U. S. Maritime 
Commission, 
Mail 1503 N. Edison St., Arlington, Va. 
Richardson, Earl L., Marine Engineer, Boston Shipyard, 
Mail 116 Bateman St. Hyde Park 36, Mass. 
Roe, Chester M., 
Sea-Ro Packing Co., Box 44, Wood Ridge, N. J. 
Rohn, Arthur C., Chf. Engineer, U. S. Maritime Commission, 
Mail 6801 47th St., Chevy Chase, Md. ‘ 
Rouse, Warren E., Manager Marine Dept., 
Vickers, Inc., 1400 Oakman Boulevard, Detroit, Mich. 
Sanford, Leigh Russell, Director Construction, 
U. S. Maritime Commission, 
Mail 6549 West End Boulevard, New Orleans 19, La. 
Somes, Arthur D., Design Engr., Turbine Engineering Div., 
General Electric Co., River Works, Lynn, Mass. 
Tigges, Alexander J. Dist. Technical Adviser, 
The Air Preheater Corp., 60 E. 42d St., New York 17, N. Y. 
Vickers, H. F., President, 
Vickers, Inc., 1400 Oakman Boulevard; Detroit 32, Mich. 
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Wells, William C., Jr., Principal Elec. Engr., 
Bureau of Ships, Navy Dept. 
Mail 2457 Tunlaw Road, N. W., Washington 7, D. C. 
Wilson, J. G., Operating Vice President, 
RCA Victor Div., Camden, N. J. 
Woodard, George H., Turbine Div., Westinghouse Flectric Corp. " 
Essington, Pa. 
Wright, Frederick W., Jr., 
Babcock & Wilcox Co., Room 120, 85 Liberty St, 
New York 6, N. Y. 
William Norman Zippler, Electric Enehees: 
Gibbs & Cox, Inc. 1. seas New York 4, N. eS 


ASSOCIATE. 


Anthonisen, R. P., 
259 Second St., San Francisco 5, Calif. 
Buffinton, Robert B., M. E., 
General Electric Co., 140 Federal St., Boston, Mass. uke, 
Dorworth, W. J., Dist. Mgr. of Sales, 
General Electric Co., 1425 Locust St., Philadelphia 2, Pa, 
Duval, H., Sales Engineer, » 
General Electric Co., N. Y, 
Earle, John G., Marine Engineer, 
Nordberg Mfg, Co., 
Mail Moylan, Pa. nit 
Felton, Cornelius C., Vice President, 
Revere Copper & Brass, Inc., 230 Park Ave., 
New York, N. Y. RESIN 
Frabutt, J. A., Sales Mgr., Govt. Sales, 
Federal Telephone & Radio Corp., Newark, N. J., 
Mail 19 Francis Place, Caldwell, N. J. 
Goode, Wilmer E., Insptr. (Mech.) U. S. N., 
272 Leroy Ave., Buffalo 14, N. Y. 
Hearsmann, William P.; 3d., Application. Engineer, 
General Electric Co., 1425 Locust St., Philadelphia 2, Pa 
Herzog, E. F., Engineer, ; 
General Electric Co., Syracuse, N. Y. 
Johnson, M. R., Engineer, 
General Electric Co., Syracuse, N. Y. 
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Kouwenhoven, A. B., Govt. Sales Rep., 

Western Electric Co., Inc., 120 Broadway, New York, N. Y. 
Krishnaswani, N., 

15 Andenm House, Yellow Gate: Mazagon, Bombay, India 
Mehring, J. S., Govt. Sales Manager, 

Western Electric Co., Inc., 120 Broadway, New York, N. Y. 
Melton, James S., Asst. Comptroller, 

Cleveland Diesel Engine Div., G. M. C., Cleveland, Ohio 
Morris, Ned, Senior Sales Engineer, 

Aluminum Co. of America, 605 Southern Building, 

Washington, D. C. 
Murray, G. A., Govt. Sales Rep., 

Western Electric Co., 120 Broadway, New York, N. Y. 
Palmer, N. E. Gen. Sales Manager, 

Cummins Engine Co., Inc., Columbus, Ind. 
Reed, Benjamin Franklin III, Principal Engrg. Aide, 

Scientific Sec., Terminal Island Naval Shipyard, 

Mail 817 Rosewell Ave., Long Beach 4, Calif. 
Schultz, E. H., Treasurer, 

Cargocaire Engineering Corp., 15 Park Row, 

New York, N. Y. 
Simmons, Robert C., Gen. Mgr. Govt. Dept., — 

Johns Manville Corp. 22 E. 40th St., New York, N. Y. 
Stier, H. Douglas, Eastern Manager, 

The Falk Corporation, 30 Church St., New York, N. Y. 
Tie-Sin, Liu, Ensign, Chinese Navy, 

R. C. S. TAI-PING, 

care Navy 115, Fleet P. O., New York, N. Y. 
Vania, Rene A:, Engr., Marine Dept., 

Electric Dynamic Works, Electric Boat Co., 

Mail 8P-15 Grendall Ave., Kew Gardens 15, N. Y. 
Watts, W. W., Gen. Sales Manager, 

Engrg. Products Div., R. C. A. Victor, 

Camden, N. J. 
Weber, William A., Director Div. Wehies Disposal and 

Govt. Aides, U. S. Maritime Commission, 

Mail 3923 No. 5th St., Arlington, Va. 
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